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ABSTRACT
"Numerical Simulation of Air Injection Processes in High Pressure Medium and Light Oil Reservoirs.’'*
John Tingas 9/3/2000
NUMERICAL SIMULATION OF AIR INJECTION PROCESSES
IN HIGH PRESSURE LIGHT AND MEDIUM OIL RESERVOIRS 
Abstract
Research, pilot scale and field developments of In-Situ Combustion (ISC) for enhanced oil 
recovery (EOR) in shallow, low pressure, heavy oil reservoirs intensified between the first and the second 
oil crisis from 1973 to 1981. A decline of interest in EOR followed the collapse of the oil prices in 1986. 
Renewed interest on in-situ combustion EOR research in the late 1980’s and beginning of the 1990’s was 
expanded and focused on high pressure medium and light oil reservoirs.
The applicability of air injection in deep high pressure light petroleum reservoirs was 
established by research work of Greaves et al. in 1987 & 1988, Yannimaras et al. in 1991 and Ramey et a l 
in 1992. Accelerating rate calorimeter (ARC) tests were used to screen the applicability of various types 
of light oil reservoirs for in-situ combustion EOR by Yannimaras and Tiffin in 1994. The most successful 
light oil air injection project in the 1990s in the Medicine Pole Hills Unit, Williston Basin, N. Dakota started 
in 1987 and was reported by Kumar, Fassihi & Yannimaras, in 1994. Low temperature oxidation of light 
North Sea petroleum was studied at the University of Bath.
A high-pressure combustion tube laboratory system was built at Bath University to 
evaluate performance of medium and light petroleum in-situ combustion processes. Gravity effects and 
the impact of horizontal wells in Forced Flow In-Situ Combustion Drainage Assisted by Gravity 
(FFISCDAG) were studied with three-dimensional combustion experiments.
In this study, the university of Bath combustion tube experiments have been simulated and 
history matched. The tube experiments were up-scaled and field simulation studies were performed. A 
generic PVT characterization scheme based on 5 hydrocarbon pseudo-components was used, which was 
validated for light Australian and medium ‘Clair’ oil. A generic chemical reaction characterization scheme 
was used, which was validated for light Australian and medium ‘Clair’ oil. Advanced PVT and chemical 
reaction characterizations have been recommended for future work with more powerful hardware 
platforms. Extensive front track and flame extinction studies were performed to evaluate the performance 
of currently available non-iso-thermal simulators and to appraise their necessity in air injection processes.
"Numerical Simulation of Air Injection Processes in High Pressure Light and Medium Oil Reservoirs."
Chapter-1, John Tingas, 9/3/2000
2Comparative ISC field scale numerical simulation studies of Clair medium oil and light Australian petroleum 
were based on up-scaled combustion tube experimental results. These studies showed higher than 
expected hydrocarbon recovery in alternative EOR processes for both pre and post water flood 
implementation of ISC. Further in this study field scale numerical simulation studies revealed high 
incremental hydrocarbon recovery was possible by gravity assisted forced flow.
The applicability of light oil ISC to gas condensate and sour petroleum reservoirs has been 
examined in this study with promising results. Light petroleum ISC implemented by a modified water flood 
including oxidants such as H2O2 and NH4NO3 are expected to widen the applicability of ISC processes in 
medium and light petroleum reservoirs, especially water flooded North Sea reservoirs.
"Numerical Simulation of Air Injection Processes in High Pressure Light and Medium Oil Reservoirs.”
Chapter-1, John Tingas, 9/3/2000
INTRODUCTION
"Numerical Simulation of Air Injection Processes in High Pressure Medium and Light Oil Reservoirs.”
John Tinges 9/3/2000
3CHAPTER 1 - INTRODUCTION 
1.1 Introduction
In-situ combustion (ISC) is a thermal recovery process in which a portion of the crude oil is 
oxidized or burned in-situ to recover the remaining oil. Although the potential for enhanced oil recovery is 
immense, the field scale implementation of specific techniques has not been developed adequately.
At present and in the near future, there is not and will not be an economical, abundant 
substitute for crude oil in the economies of the industrial countries. Maintaining the oil supply to sustain the 
economies of the industrial and developing countries requires development of additional crude oil reserves. 
For some areas, especially in Russia, these additional crude oil reserve developments will be new field 
developments and successful exploration projects, but in Western Europe and the USA, it will very likely be 
achieved by applying enhanced oil recovery technology. A large fraction of the un-recovered 
hydrocarbons in-place of fields in the western industrial countries and in Russia is recoverable only by the 
application of thermal EOR methods. (Mamedov & Bokserman 1992)
1.2 Advantages of Thermal EOR Processes.
Thermal IOR processes and in particular ISC exhibit a number of important advantages 
against non-thermal EOR processes (Blackwell 1978, Chieh Chu 1985, C.S. Mathews 1983, Doscher & 
Ghassemi 1984, Hansel etal. 1984, FarouqAlije.g.:
1. Thermal EOR processes are applicable in a much wider range of field operational conditions.
2. Lack of availability of injection fluids, for example CO2 , may exclude iso-thermal processes, such as
CO2  flooding, and dictate the use of thermal EOR processes such as air injection.
3. Usually the costs of chemicals such as surfactants and polymers for EOR applications are much higher 
than the air compression cost for thermal EOR processes.
4. Steam injection has depth limitations at 3000 m, when the reservoir temperature and pressure 
approach the steam critical point. In-situ combustion has no depth limitations and the benefits of 
miscible displacement could be exploited at higher depths.
5. Increased well-bore thermal losses during steam injection in high pressure deep reservoirs make steam 
injection less economic in comparison to in situ combustion.
6. As the sand thickness decreases and pressure increases, in-situ combustion becomes more favourable
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7. The energy requirements of in-situ combustion process are more favourable in comparison with steam 
operations, because the energy for the process is generated in-situ in the reservoir.
8. As the heated distances and the pressure increase, heating the reservoir by in-situ combustion is 
favoured over steam thermal EOR processes, principally because the steam condenses to hot water, 
which is a less efficient displacement medium.
9. In-situ combustion installations require a larger investment. However, most North Sea offshore 
platforms already possess sizable gas compression capacity. In-situ combustion installations consume 
much less fuel than surface steam generating units.
10.The cost of heating the reservoir by steam increases more rapidly as fuel price increases.
11.ISC associated with flue gas injection provides CO2 disposal option, which may be benefited financially 
in case of ‘CO2 Tax’ for environmental reasons.
1.3 Enhanced Oil Recovery (EOR) Potential
Even though high percentage about 45-65% of all crude oil originally in-place remains 
trapped in reservoirs, when fields are abandoned, industry funding has largely neglected EOR research in 
the mid-1980’s. However, some EOR research revival appeared in the early 1990’s and followed by a new 
downward business cycle after collapse of the oil price in the late 1990s. The business environment in the 
current climate is based on cost cutting and re-structuring in the industry with IOR as low priority. 
However, increasing the percentage of oil recovered from existing fields through the application of 
enhanced recovery methods could be as important as exploring for new discoveries. (Broome et al. 1986)
The abandonment of known oil resources will further exacerbate the decline in non-OPEC 
oil production with negative economic implications for the industrial nations, especially in North America 
and Europe, with their growing dependence on crude oil and refined product imports. (Brashear et al. 
1994)
The survival of the European and North American petroleum industry during the present 
world oil price uncertainty will depend to a large extent on cost efficiency based on advanced technology 
and further development of sophisticated new IOR technologies. New technologies are needed to achieve 
profitable thermal EOR projects in competition with supplies from the known oil resources.
Even with the abundance of lower cost oil in the world market after the collapse of the oil
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5price in the 1986 and 1998, production from enhanced oil recovery projects was increasing and continues 
to increase. World EOR production including heavy oil was 3.4 million BID in 1992. (19931PE, Gulf)
If EOR can add a mere 10% to recoveries, which is a realistic expectation based on the 
industry wide performance in the last two decades, some 246 billion Bbl of oil and 294 Tcf gas will be 
added to the proven world recoverable reserves. However, application of EOR techniques, although 
showing great potential benefits, cannot be expected to provide any significant worldwide production 
without systematic research and development effort. Nevertheless, the potential benefits to be gained 
from economic enhanced oil recovery techniques are immense. Related technologies like geothermal 
engineering will also benefit from Thermal EOR research.
Thermal methods account for about 70% of the worlds enhanced oil recovery production 
mainly from steam injection. Their high gravity reservoir applications, high viscosity and high porosity have 
almost become routine. The indication from recent trend in research and planned projects is that thermal 
enhanced oil recovery and geothermal research effort will continue to grow.
Considerable EOR research is in progress, particularly in Russia, Europe, Australia and 
the United States of America. High USA interest in EOR can be explained by a very low Reserves to 
Production Ratio, R/P, as low as 10 years for the USA combined with a very high cumulative oil production 
amounting to 26% of oil in place. Abandonment of known un-recovered hydrocarbons in-place in the 
United States of North America could amount to nearly 12 times its current proved reserves. At the other 
extreme, Saudi Arabia has a very high proven R/P ratio and low cumulative production, making the need 
for EOR applications minimal.
Thermal EOR reservoir engineering principles are directly applicable to geothermal 
reservoir engineering, hence, thermal EOR research and especially reservoir-process simulators will 
contribute to geothermal developments. (Bodvarsson & Pruess 1982). European countries and particularly 
those having little or no petroleum resources, are the countries, which have the highest interest in the 
renewable green energy sources like geothermal energy.
1.4 Importance of Simulation for Thermal EOR Processes.
Numerical reservoir simulation of thermal EOR applications has gained acceptance in the 
petroleum industry, because it can solve problems that cannot be solved in any other way. (Mattax & 
Dalton 1990, FarouqAli 1984, Rubin & Buchanan 1983, K.H. Coats 1982 & 1980, Staggs & Herbeck 1971)
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6The high operating cost, especially offshore, will usually preclude the use of small EOR pilots. Therefore, 
process selection will be based on mathematical modelling of the various EOR processes. (D.C. Wilson & 
Casinader 1978) Rigorously validated in situ combustion models will aid thermal EOR experimental 
design, pilot and field development plans. A reservoir simulator can be also used in an "Interactive" mode 
for decision making based on a given set of constraints and finally for optimization of incremental EOR 
recoveries.
Numerical modelling of thermal EOR processes is of great value in understanding the 
complex phenomena and recovery mechanisms involved in thermal EOR processes. Reservoir simulation 
models are the best tools developed in recent years for understanding hydrocarbon reservoirs and 
optimizing their performance. Numerical reservoir simulators use mathematical equations describing the 
physical behaviour of the process under investigation. These equations generally comprise partial 
differential equations. (FarouqAli 1984)
The real reservoir can be produced only once. There is a single opportunity to produce the 
reservoirs and mistakes made in this process will exist forever. However, the simulation study can be made 
several times and a series of case studies can explore uncertainties in data and reservoir management 
options, including EOR. High-speed computers permit multiple runs of a reservoir model to test different 
options of field operation or to check the sensitivity of reservoir behaviour to rock or fluid properties. High­
speed computers with more reliable advanced modelling of thermal EOR processes are expected to make 
the applicability of simulators more wide spread for EOR application. (Larry W. Lake 1992)
The development of reservoir simulation models is used as an instrument to obtain the necessary 
raw data and to build a database. As a common methodology between oil companies, regulatory bodies, 
government and other agencies, reservoir simulation develops a standardized approach for EOR 
applications and can be used for comparison purposes against conventional recovery techniques. 
Reservoir simulators are also ideal training tools in understanding of complicated thermal EOR processes 
by engineers and geoscientists in the petroleum industry.
Analytical tools become less effective and less practical as problem complexity increases. 
In petroleum engineering, the complexity of physical processes is more the rule than the exception, 
especially in thermal EOR processes. Reservoir simulation provides great insight into the interrelationship 
of processes occurring in complex, multi-parameter problems. Modern petroleum engineering studies 
require not only the determination of the best technical performance, but increasingly understanding of the
"Numerical Simulation of Air Injection Processes in High Pressure Light and Medium Oil Reservoirs.”
Chapter-1, John Tingas, 9/3/2000
7interaction of the economic, regulatory, legal, and environmental impacts. All of these forces acting 
together have produced complex patterns that any useful analysis is necessary to incorporate. Greater 
understanding of thermal EOR processes using numerical simulators, complied with higher technical and 
economical performance of thermal EOR projects, should lead to higher thermal EOR activities.
1.5 IOR Research and Development as part of an Energy Strategy Plan.
Present research funding in the petroleum industry favours low budgets and quick results. 
IOR research and development is highly profitable in the long term but requires costly investment and, in 
most cases do not provide sufficient short-term low risk returns. (Blackwell 1978, Kuustraa & Doscher 
1978) IOR prediction performance is associated with high risk due to uncertainties. Large-scale IOR 
applications are sophisticated labour intensive projects and require more advanced technology to provide 
substantial incremental IOR production. (N.Mungan 1990).
IOR will be supported also from on going research in other technological areas for
example:
•  Reservoir characterization
•  3D seismic technology
•  High resolution modelling by 3D seismic data can provide stronger evidence of displacement 
sweep efficiencies in EOR applications.
•  Horizontal wells
•  Gravitational forces can assist to achieve high petroleum recovery in EOR projects by using 
horizontal well technology.
•  Improved modelling methods leading to advanced numerical simulators
•  Advanced and reliable numerical simulators will aid the understanding displacement and 
recovery mechanisms in IOR processes.
•  Accurate low risk IOR prediction performance
1.6 Research Objective.
The main research aim is to:
1. Investigate the usefulness of non-iso-thermal simulators STARS (Computer Modelling Group), 
BUISCOM (Bath University) and BUTFISCS (the Bath University Thin flame ISC Simulator) for
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2. Develop a general chemical reaction characterization for high temperature oxidation (HTO) and low 
temperature oxidation (LTO) reaction kinetics and cracking reactions occurring in deep light oil 
reservoirs;
3. Use combustion tube experimental results to obtain validated models of ISC processes. Perform 
detailed numerical simulation studies of 1-D and 3-D in-situ combustion experiments to validate 
adequately prediction of the main feature of the processes, to investigate up-scaling procedures, 
relevant to pilot schemes and field scale developments;
4. Improve the numerical stability and convergence of simulation models of combustion tube experiments 
and field scale simulation of thermal EOR processes;
Often, secondary research aims were:
1. Assess the impact of front tracking and thin flame techniques in-situ combustion simulation;
2. Evaluate the technical feasibility of air injection operations in high pressure light oil reservoirs using 
field scale reservoir simulation techniques via:
•  Development of an up-scaling methodology based on up-scaling of combustion tube experiments, 
suitable in the pilot and field scale;
•  Establishment of field development methodology based on up-scaled laboratory and pilot test 
data. Study the effect of various parameters on in-situ combustion in North Sea high pressure 
light oil reservoirs deeper than 3000 m; Assess numerically field scale heterogeneity effects in high 
pressure reservoir in-situ combustion processes, optimum well patterns. Define performance 
optimization criteria;
•  Evaluation of the potential of horizontal wells in high-pressure light oil reservoir in-situ combustion 
process assessing the gravitational effects;
3. Examine the feasibility of the ISC variants, such as selective oxidation of reservoir non-hydrocarbon 
gases like H2 S and asphaltenes in the reservoir. Also to examine thermal EOR condensate recovery 
as alternative to gas cycling, the potential of flue gas, oxygen injection as alternative air injection 
technique and synergy of ISC in other EOR and geothermal processes.
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CHAPTER-2. Literature Review - IN-SITU COMBUSTION IN DEEP LIGHT OIL
RESERVOIRS. 
2.1 Introduction.
Heavy oil reservoirs are prime candidates for thermal IOR methods because of the 
effectiveness of heat in lowering oil viscosity (C. Chieh 1982, Hansel et al. 1984, and Galas et al. 1991). 
However, in-situ combustion is also applicable to light oil reservoirs. The process and its displacement 
mechanisms are essentially the same, but the relative importance of the various mechanisms is different.
In-situ combustion processes are applicable in deep high pressure light and medium oil 
reservoirs. (Rushing et al. 1976, Yannimaras et al. 1991, Ramey et al. 1992) The main aspects of in-situ 
combustion applications in light oil reservoirs, which differentiate this process from that for heavy oil, are 
the fuel deposition and its nature, the ignition mechanism and the displacement mechanisms. (P.D. White 
1985) In-situ combustion is also feasible after the completion of water flooding in high-pressure light oil 
reservoirs. In-situ combustion in deep high pressure light-oil reservoirs may be an ideal IOR technique for 
water-flooded oil fields, as production approaches the economic production limit. There are few known 
technical reasons for not considering thermal processes for the recovery of any type of crude oil.
2.2 Light Oil Recovery bv In-Situ Combustion in Peep High Pressure Reservoirs.
Thermal IOR techniques were initially applied to heavy oil or tar-sands reservoirs to 
reduce viscosity and mobilize oil; however, thermal IOR techniques can also be an effective enhanced 
recovery technique for high-pressure light oil reservoirs. (Vossoughi et al. 1985, Earlougher, Galloway & 
Parsons 1970, Huffman etal. 1983, M. Metwally 1990, Fassihi & Gillham 1993). The depth limitations for 
steam flooding imposed by the steam critical pressure and temperature leaves in situ combustion as the 
only thermal IOR alternative for deep high pressure light oil reservoirs.
In-situ combustion processes applicable to light petroleum recovery from deep, high 
pressure oil reservoirs may be assisted by light hydrocarbon miscible oil displacement, as well as miscible 
displacement by super critical water/steam. Thermal recovery generally has not been used extensively so 
far in light oil reservoirs because other processes, such as water flooding, also yield a high rate of return 
on investment in the present technological and economic environment.
10
The application of in situ combustion in high-pressure light petroleum reservoirs has 
considerable technical merits, as oil mobility is not a limiting factor. The main concern with light oil in the 
past was whether the residual oil saturation available to the combustion zone was sufficient to sustain 
combustion. Recent research by D.V. Yannimaras et al. in 1991 has shown that a high API oil does not lay 
down much carbon as coke, if the reservoir is hot enough, as it is in the case of high pressure high 
temperature deep oil reservoirs. If the oil is very reactive then a phenomenon of combustion front 
’skipping’, but not extinguishing, and continuously re-igniting occurs. A temperature reduction 
characterizes the ’skipping’ process as fuel availability decreases with temperature due to the light 
petroleum volatility. Temperature increases further down-stream as fuel accumulates and re-ignites.
Deep reservoirs, which are generally at higher temperatures and pressure, typically above 
90°C and above 250 bars, should spontaneously ignite, if the oil and matrix properties are favourable. 
Moreover, increased oil reactivity aids in complete oxygen utilization. Post-water flooding in-situ 
combustion is feasible in light petroleum reservoirs, but wide economic viability has to be further examined.
Important recovery mechanisms of thermal enhanced oil recovery from high-pressure light 
oil reservoir and potential benefits include:
1. flue gas stripping of the reservoir oil;
2. steam, CO2 and gas miscible/immiscible displacement under nearly-miscibile gas drive conditions of the 
generated flue gas;
3. steam distillation of crude oil in the steam zone and super critical water miscible petroleum 
displacement with reservoir pressure and temperature in the vicinity of the critical water point;
4. in situ solvent, distillate drive;
5. gravity segregation and oil recovery by gravity assisted forced flow under horizontal wells;
6. thermal cracking of hydrocarbons;
7. relative permeability alteration under miscible/immiscible conditions;
8. wettability and capillary pressure alteration;
9. viscosity reduction;
10.thermal expansion.
Obviously, the reduction of oil viscosity is not a significant mechanism for medium and 
light oil recovery by ISC. Gravity stable displacement is achieved by injecting the air up dip. Applications in 
steeply dipping reservoirs using patterns situated in structurally unfavorable locations have very little
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prospect of success, because of the very serious operational problems in conjunction with the intensive 
channelling of the front towards the upper part of the reservoir without displacing too much oil. (P. D. White 
1985, Shu & Lu 1984, K.C. Hong 1990)
In firefloods of high pressure and temperature light oil reservoirs the nature of the fuel 
sustaining the process is not yet well known. The fuel seems to be somewhere between the coke and oil 
between indirect and direct oxidation. Although oil saturation can be very low, no difficulty was 
experienced in the artificial ignition and subsequent propagation of a combustion front. (Tzanco et al. 
1991). Oxidation of oil free rock samples showed that very frequently in rocks there is kerogen or 
asphaltenes, which is capable of providing 20% to 30% of the needed fuel. Combustion tube experiments 
using reservoir rock cores rich in kerogen or asphaltenes are necessary to prove or reject this hypothesis.
A number of light oil ISC projects have never shown peak temperatures much higher than
200°C. Low peak temperatures is the result of the exothermicity gap. The exothermicity gap is observed
in the temperature range 200°C to 350°C for which the increase of oxidation rate with the increase of 
temperature diminishes considerably, or even stops. The exothermicity gap may explain the very different 
behaviour of light petroleum in in-situ combustion. In the case of large exothermicity gaps, irrespective of 
the reservoir temperature, spontaneous or artificial ignition for the initiation of a fireflood may not be 
effective. (Yannimaras & Tiffin 1994) Only strong artificial ignition source will enable the in-situ combustion 
peak temperature to cross the exothermicity gap, assuring a stable combustion (P. D. White 1985).
2.3 Oxygen Injection In-Situ Combustion in Deep High Pressure Light and 
Medium oil Reservoirs.
In-situ combustion by injection of oxygen enriched air or oxygen may have significant 
potential. (Hansel e ta l 1984). Extensive research or applications of in-situ combustion by oxygen enriched 
air or oxygen injection in deep high pressure medium and light-petroleum reservoirs has not been reported. 
However, satisfactory oxygen ISC was carried out in heavy reservoirs by BP-Amoco in Cold Lake.
Air liquefaction and Oxygen-Nitrogen separation facilities are required for oxygen injection. 
The required additional facilities for oxygen injection make the oxygen injection option more expensive and 
difficult especially offshore. (P.J. Dugdale 1986)
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Numerical evaluation of this process and comparison with numerical simulation prediction 
of air injection under identical reservoir conditions provides an assessment of the oxygen injection option. 
(Shu and Lu 1984, Garon, etal. 1986 Kumar & Garon 1991)
2.4 Pre and Post In-Situ Combustion Water-flooding.
Pre or post in-situ combustion water floods in medium and light petroleum reservoirs can 
be combined with air injection. These options can be examined in field development plans before the 
production start-up or even during a water flood in producing oil fields. In this case, the pre in-situ 
combustion water flood can be followed by fire-flood. Air injection can be terminated at optimum time with 
the potential option for a post ISC water flood. (Beckers & Harmsen 1970, K.C. Hong 1990, Kasrale, 
Sammon & Jespersen 1993)
Optimum timing of the pre ISC water-flood period as well as that of the fire-flood followed 
potentially by a second post ISC water-flooding will improve overall project economics by recovering 
additional oil at lower operating cost. Numerical simulation is ideal for optimization of the extensive 
number of available alternative options. (T.B. Jensen 1992)
2.5 The Double Displacement Process.
The process of injecting gas into a water invaded oil column by aquifer expansion or water 
flooding is called the Double Displacement Process. The double displacement process can be combined 
with air injection. The double displacement combined with air injection is an ideal IOR technique for water 
flooded petroleum reservoirs. (Fassihi & Giliham 1993)
The potential applicability of the double displacement process favours application of air 
flooding in watered-out petroleum reservoir and it is associated with significant reduction of the residual oil 
saturation. Because of its potential wide applicability, the double displacement process with air injection 
might have extensive worldwide application. Evaluation of the process by numerical reservoir simulation 
will be valuable for designing pilots and field applications, accelerating the applicability of the process.
When injecting gas or air into watered out petroleum reservoirs, oil is recovered by 
creating a gas cap, thereby allowing gravity drainage of the liquids to occur. Experimental results indicate 
that the oxygen in the injected air will spontaneously ignite combusting with the residual saturation in the 
reservoir. Because of the in-situ combustion processes involved, part of the residual oil and gas is
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mobilized and moves towards the producing well. Generally, deeper and warmer reservoirs, are better 
candidates. Higher pressures and temperatures enhance miscibility and improve oxygen utilization. 
Gravity drainage is enhanced due to oil mobilization by the thermal front and moreover the in-situ 
generated flue gas strips the light hydrocarbon components. Compositional effects play an important role 
in the stability of the gas displacement.
2.6 The Role of Asphaltenes in ISC of Light and Medium-oil Reservoirs.
The impact of asphaltenes in thermal IOR processes, such as ISC, has not been studied, 
but it is significant in the thermal IOR recovery processes, while asphaltenes can be used as fuel in ISC 
processes. Precipitation of asphaltenes can cause formation plugging and wettability reversal, which can 
lead to reduced recovery efficiencies. In many cases, the precipitated asphaltenes can plug up the well 
tubing or can be carried to the well head and downstream separators causing expensive problems. 
Deposition of asphaltenes inside reservoirs, and production or injection wells, can cause severe problems 
thereby adversely affecting the economics of oil recovery. Reservoir wettability characteristics are often 
attributed to adsorption of asphaltenes onto the mineral surfaces of reservoir rock.
Asphaltenes are operationally defined as the precipitate resulting from addition of low 
molecular weight alkane to crude oil. Elemental analyses show asphaltenes to contain, in addition to 
carbon and hydrogen, atoms such as oxygen, sulfur, nitrogen and trace amounts of metals such as iron, 
vanadium and nickel. Presently the asphaltenes are removed either by mechanical cleaning, chemical 
cleaning or reservoir condition manipulation.
Alex T Turta et a l in 1997 studied permeability impairment due to asphaltenes during a 
high pressure gas miscible flooding, of cores using two Canadian crude oils, known to be prone to 
asphaltene deposition in the field. J.Yan et al. in 1997 reported markedly decreased water-wetness with 
increase in ionic strength, increase in cation valency, and decrease in initial water saturation. J.S. Buckley 
et al. in 1996 evaluated wettability alteration with systematic changes in oil composition using contact 
angle measurements.
Miscible and immiscible flooding of crude oil reservoirs by light hydrocarbon gases, carbon 
dioxide, air and other injection gases has the potential for enhanced recovery. The flooding process 
however causes a number of changes in the flow and phase behavior of the reservoir fluids and can 
significantly alter rock properties due to precipitation of asphaltenes, which can adversely affect the
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productivity of the reservoir during the course of oil recovery. Asphaltenes show moderate capacity to 
reduce oil/water interfacial tension (IFT) and/or to stabilize emulsions. However, in the presence of other 
surfactants and fine particles presenting intermediate presence of other surfactants and fine particles 
presenting intermediate wettability, these compounds enhance emulsion formation and stability. (Gaspar 
Gonzalez et al. 1993)
In oil reservoirs asphaltenes concentrated above the OWC interfere with the displacement 
mechanism frequently blocking the reservoir pore system. In a significant number of petroleum and gas 
condensate reservoirs, asphaltenes have been accumulated above the Oil-Water Contact (OWC). In a 
number of cases, the reservoir is partially or sometimes nearly totally plugged by asphaltenes and isolated 
from the aquifer. Natural water influx and water drives are not possible even in the case of strong aquifer. 
In-situ combustion of asphaltenes in the flanks of the reservoir above the OWC will establish complete 
hydraulic communication of the oil-zone with the aquifer removing asphaltenes by burning. Therefore, 
reservoir pressure maintenance in a water-drive mechanism by aquifer expansion could be expected. 
(Somerton & Radke 1980, Vossoughi, etal. 1982, Hutchinson & Ip 1983)
Also asphaltenes in oil rims of gas condensate reservoirs interfere in displacement mechanisms not 
allowing oil rim development. Air injection in the oil rim and in-situ combustion of the asphaltenes is one 
potential oil rim development option.
2.7 Light Oil Recovery by ISC of Reservoir or Re-iniected Non-Hvdrocarbons 
Gases and ISC of H2S.
Selective in-situ combustion of low commercial value combustible non-hydrocarbons, such 
as H2 S, is feasible in light and medium sour petroleum reservoirs. Non-hydrocarbon gases, such as CO2 
and H2 S with high solubility in both the liquid hydrocarbon phase and also the aqueous phase require
special attention. Historically very limited attention has been directed at such non-hydrocarbon gases and 
their role in recovery processes. While there are extensive references to CO2 displacement, there is a 
limited number of papers on sour petroleum ISC and references to H2 S displacement. (Harvey & Henry
1977)
These non-hydrocarbon gases are soluble in the water and hydrocarbon phases, including 
the connate and aquifer water. The non-hydrocarbon gases must be also considered in the material 
balance equations. These gases may provide pressure support and additional production of gas. A
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pressure reduction in the reservoir and the aquifer due to oil and gas production from these reservoirs will 
release the soluble non-hydrocarbon gases from the water phase as separate gas phase. The solution gas 
separated from the aquifer and connate water may be available for production depending upon the 
quantity of this gas that is mobile.
A reasonable assumption, for reservoirs containing non-hydrocarbon gases soluble in 
water and the liquid hydrocarbon phase, is that their concentrations in both phases are in thermodynamic 
equilibrium at the reservoir pressure and temperature. Oil and gas geo-chemical and migration data 
support the idea of phase equilibrium in both phases in the geological time.
Reservoir simulation and optimum field development planning of these fields targeting 
maximum recovery require simulation of the phenomena involved. Mass transfer of non-hydrocarbon 
gases (H2 S, CO2 ) across an oil-water contact (OWC) or a gas-water contact (GWC) includes complicated
physical phenomena and differential composition effects, which have to be simulated with temperature 
variation on PVT properties.
Selective oxidation of H2S in the aquifer will increase aquifer temperature and high 
temperature water or steam may be generated, leading to steam displacement. Reduced H2S and CO2 
solubility at higher temperature and separation of H2S and C02 in gas phase may assist petroleum 
recovery in a double displacement process.
The effect of a geothermal gradient on the compositional gradient of reservoir fluids is 
significant for nearly critical volatile oils and gas condensate mixtures. Reservoir fluids of fields in the Pre- 
Caspian Depression are mainly of these types.
Unwanted sulphur production from Clauss units treating sour associated gas of sour-oil 
and sour-condensate reservoirs may be reduced by selective re-injection of H2S. H2 S displacement is
more efficient than that by CO2. (Harvey & Henry 1977). However, the safety issue is very important factor 
constraining the applicability of H2 S re-injection. The operator of the Karachanak gas condensate
reservoir considered H2 S and CO2 re-injection. Selective re-injection, close and below the OWC, and
combustion of non-hydrocarbon gases such as H2 S could be considered as a supplementary or an
alternative to ISC of hydrocarbons targeting miscible oil displacement by H2 S and super critical water.
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2.8 Light ISC Using O? & N? Generating Oxidant Compounds in Modified 
Waterfloods.
Modified water-flood using 0 2 and N2 generating compounds dissolved in injection water are ISC 
alternatives to air injection. Hydrogen peroxide, H20 2f may provide oxygen and water by decomposition:
2 H202 —» 2 H2O + O2
Ammonium Nitrate, NH4NO3, may provide 02 and N2 by decomposition at the reservoir conditions:
2 NH4NO3 —> 2 n2 + o2 + 2 h2o 
Hydrogen peroxide, H20 2, with caustic soda has been used in geothermal operations to oxidize H2S. 
Ammonium Nitrate, NH4NO3, is a lower cost chemical compound in comparison with H2O2. The main 
technical advantage of modified water-floods with 0 2 and N2 generating compounds dissolved in injection 
water is significant reduction of 0 2 and N2 override allowing flexibility to place injectors down-dip closer to 
OWC and oil rims in petroleum reservoirs with gas cap or gas condensate reservoirs and to the aquifer and 
the OWC region of sour petroleum reservoirs for selective in-situ combustion of H2S. The main economic 
advantage of modified water-floods with 0 2 and N2 generating compounds dissolved in injection water is 
the elimination of air compression, the most expensive operation in air injection projects.
2.9 Improved Condensate Recovery bv In-Situ Combustion.
Pressure decline below the dew point in gas condensate reservoirs may lead to reservoir 
conditions in the two phase regions, resulting in condensate dropout and significant reduction in gas 
deliverability and condensate recovery. Gas cycling has been used for improved condensate recovery as 
a process for maintaining reservoir pressure in the gas phase region above the dew point. Injecting lean 
gas into condensate reservoirs is a process used to increase condensate recovery and gas deliverability. 
The gas cycling process reduces condensation and increases liquid recovery by re-vaporization. However, 
delayed natural gas sales for long periods due to recycling is economically unattractive. Gas cycling is an 
energy intensive process associated with high capital and operating costs for gas compression.
The gas cycling process increases condensate recovery by reducing condensation and 
increasing re-vaporization due to pressure maintenance. An alternative technique to sustain the reservoir 
in the gas single phase region above the dew point by increasing the reservoir temperature could be 
thermal energy injection or generation in the reservoir. In-situ combustion of hydrocarbons and selective
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combustion of reservoir combustible non-hydrocarbon gases could be considered as a relatively lower cost 
alternative to gas cycling.
The effectiveness of non-hydrocarbon gases, i.e., air, N2 , and CO2 , has been investigated
for improving recovery from retrograde condensate reservoirs. (Siregar, Hagoort and Ronde, 1992;
Sanger, Bjomstad and Hagoort, 1994; M.R. Carlson & W.B. Cawston, 1996). A compositional model 
based on the Pe,ng-Robinson equation of state (PR-EOS) has been used to evaluate condensate reservoir 
performance. A minimum 15-component hydrocarbon system and extensive experimental data are 
required. (Striefel et al. 1987) The simulator has to be tuned to match the available experimental data. 
Models show that non-hydrocarbon gases can vaporize hydrocarbon liquids effectively, with CO2 the most 
effective non-hydrocarbon for vaporizing heavy fractions. Previous studies have shown that N2 can be 
used to vaporize hydrocarbon liquids. Donohoe and Buchanan in 1978 have shown that roughly half the 
cost of N2 injection is the electrical cost of separating N2 from air. Because air is already 79% N2, injection 
of air would seem to be an obvious cost saving. However, air contains approximately 20% O2, a reactive 
gas. The presence of large quantities of O2 could result in ISC. Sustaining gas condensate in the gas 
phase after evaporation of the liquid petroleum phase allows higher hydrocarbon recovery via gas phase 
flow and production from low permeability reservoirs when oil production is not feasible.
2.10 Field Case Histories of Light Oil In-Situ Combustion Projects.
2.10 .1  M e d ic in e  P o le  Hills U n it A ir  In je c t io n  P ro je c t, W illiston Basin. N. D a k o ta  
The Medicine Pole Hills unit fire-flood is a unique air injection project in a light oil 0.83 
g/cm3, deep 2896 m high pressure 28.4 Mpa, high temperature 110 °C carbonate reservoir of low 
permeability (1-30 md). (Kumar, Fassihi& Yannimaras, 1994).
The field has produced since July 1985 from 13 producers in the Red carbonate formation 
of Ordovonian age covering 9600 acres and air injection started in October 1987. The original Oil-in-place 
is volumetrically estimated equal to 6.36 millions m3. Primary oil recovery was estimated to be about 15%. 
Water flooding was ruled out due to anticipated limited injectivities. Natural gas and CO2 injection were
ruled out because of high costs.
Laboratory tests indicated that the flue gas and reservoir fluids were miscible at 110 °C. 
The reservoir pressure at 28.4 Mpa is higher than the steam critical pressure, 22.28 Mpa. The average
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combustion temperature at 423 °C is also higher than the steam critical temperature, 374 °C. Therefore, 
critical steam conditions are expected at the combustion front.
2 .10 .2  The H o rse  C re e k  L ig h t OH A ir  In je c t io n  P ro je c t.
The Horse Creek field is a stratigraphic trap in the Red River Formation of Ordovician age. The upper 
portion of the Red River Formation consists of a series of brining upward, cyclic carbonates, deposited in a 
sub-tidal to supra-tidal environment on a restrict shelf during the Red River marine transgression and it is 
located in the south-central portion of the Williston Basin, Bowman County, North Dakota. The field had 
produced a 30 API oil under natural depletion since 1972 and production at project start-up was 
approximately 3 MMBBLS. (Germain, P.& Geyelin, J.L 1997)
Secondary recovery potential of the field has been evaluated since May 1993 by conducting geological, lab 
evaluation and reservoir modeling studies of the field. Based upon the encouraging results of these 
studies, TOTAL started air injection into the Horse Creek reservoir in early May 1996.
The Horse Creek field secondary recovery unit operated for the air injection project in November of 1995 
eleven producing wells, three air injection wells, one monitor well, and one water disposal well within the 
field area. Producing well spacing is approximately one well per 320 acres. Six months after air injection 
start up preliminary results were encouraging as production was increased by more than 10%. Expected 
ultimate recovery under air injection is around 12.1 MMBBLS as opposed to 4.5 MMBBLS under natural 
depletion.
2.10 .3  W est H e id e lb e rg  U n it  J a s p e r C o u n ty : Mississippi.
The West Heidelberg Cotton Valley unit in Jasper County is the location of what is 
probably the world’s deepest in-situ combustion project. The Cotton Valley sands are of Jurassic age and 
range in depth from 3322 to 3597 m, occurring, at an average depth of 3475 m. Structurally the Cotton 
Valley lies on the flank of a salt dome and dips about 8 degrees from east to west. Fourteen sands are 
identifiable in the Cotton Valley, but only eight are productive. Of these eight, sands 4 and 5 are the major 
oil reservoirs. The reservoir sands have very similar characteristics, with average porosity of 14%, 
permeability to air of 85 md, and an initial water saturation of 15%. (Pusch & Garvey, 1981; Huffman etal. 
1983).
During the primary oil-production phase, a total of 10 wells were drilled and completed in 
the Cotton Valley sands. All wells were produced from more than one Cotton Valley sand member. Dual 
completions had 7-in. (178-mm) production casing, while single completions had either 41/2- or 5 1/2-in.
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(114- or 140-mm) casing. From data obtained when additional wells were drilled, the original oil in place
(OOIP) is now estimated at 2.862*10® m3. The initial reservoir pressure for both sands was about 35 MPa
and a solution gas ratio above bubble point of 18 m3 /m3. Reservoir temperature is about 105°C, and 
reservoir oil viscosity at formation temperature was about 6 cp. There is an oil gravity gradient from about 
966 kg/m3 near the bottom of the reservoir to about 893 kg/m3 at the top of the structure.
Poor primary oil recovery from all the Cotton Valley sands caused studies to be conducted 
for a process that would substantially increase ultimate oil recovery. Water flooding was considered but 
rejected because of unfavorable water/oil mobility characteristics and lifting costs that would be incurred by 
producing high-water-cut wells from this depth.
Favorable results of burn-tube tests and the presence of heavy oil on the flanks of the 
Sand 5 reservoir made the in-situ combustion process a feasible option, and a pilot fire-flood project was 
started in Dec. 1971. This pilot has since been expanded into a full-scale project.
2.10.4 Bellevue Field. Bessier Parish. Louisiana.
Originally discovered in 1921, the field produced for about ten years under primary 
production methods. Initially the field experienced rapid development with more than one hundred shallow 
wells being drilled. Peak primary production occurred during 1923. The high viscosity of the crude and 
low reservoir pressure contributed to the rapid production decline. By 1931, diminished oil production 
together with increased water rates resulted in field abandonment. (Pusch & Garvey, 1981).
In the years that followed air and water injection, steam stimulation, solvents, and bottom 
hole heaters were used in an attempt to increase oil recovery. None of these methods increased 
production enough to be adopted by the company as a long-term recovery method. The field remained 
relatively dormant until Getty Oil Company (then Tidewater Oil Company) conducted a successful in situ 
combustion pilot that commenced in 1963. In 1961, Getty Oil Company initiated a coring program to 
evaluate the feasibility of a thermal recovery project and the results of this programme were encouraging. 
(Long & Nuar 1982)
Extensive air injection tests were conducted in early 1963 and an in situ combustion pilot 
was begun in September 1963. The pilot pattern was converted from an inverted five-spot to an inverted 
nine-spot pattern after operating for 21 months. Pattern sizes and configurations have varied during the 
eighteen-year project. Wet and dry combustion methods have been tested in the field and a combination
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of the two methods was used depending on the stage of burn the pattern. Several water-air injection ratios 
have been tried with varying degrees of success.
The eight wells in the pilot produced an average of 115 barrels of oil per day during the 
following year. Eventually the pattern was extended with the drilling of four additional wells. By the end of 
1966, the pilot pattern was producing 145 barrels of oil daily. Cumulative oil production from the pilot at the 
end of July 1969, was 184,000 barrels.
The success of the pilot warranted expansion in the years that followed its development. 
Four additional patterns were added in 1968 and growth of the project continued with large expansions in 
1972,1977,1979, and 1980. Availability of compressed air was a major factor in the timing of these 
expansions. The project was producing in the early 1980’s about 2900 barrels daily of 19.50 API gravity 
crude from 350 producing wells.
2 .1 0 .5  The Fry In -s itu  C o m b u s tio n  P ro je c t, Illinois, USA.
The Fry unit consists of 11 leases totaling 337 acres in an area in which oil was originally 
discovered in 1906. The Fry concurrent in situ combustion project was carried out in a 3.3-acre portion of a 
lenticular body of Robinson sandstone of Lower Pennsylvanian age. (C.A Glandt & J.D. Malcolm, 1991)
The purpose of the project was to test the feasibility of concurrent in situ combustion as a mean of oil 
recovery in the Fry reservoir. (Clark etai. 1965a)
Preceding the combustion test, air injection tests were conducted, which were used to 
evaluate the characteristics of the reservoir in conjunction with geological studies. The sand body is about 
3658 m long and 1067 m wide; it varies in thickness from 0 to 17 m, trends northeast-south west, and 
occurs at depths among 268 m and 285 m. Porosity averaged 19.7 %, oil saturation was 68 % of pore 
volume, and water saturation was 20% of pore volume. The oil in place was estimated at 27,300 m3 within 
the 3.3-acre pattern. The oil has a specific gravity of 883 kg/m3 and a viscosity of 40 cp at the reservoir
temperature of 18.3°C.
Production from this reservoir, as from all Robinson sand reservoirs in the area, was very 
high during the first few years. Early attempts to retard production decline consisted of air and gas re- 
pressuring, as the dissolved gas energy was dissipated. Recently most of the area has been subjected to 
water flooding. Following early air re-pressuring, the Fry water flood unit was initiated in July 1952. In the 
area in which the Fry combustion test was conducted, a peripheral water flood of a 160-acre area was 
developed from 1956 to 1960; it became apparent that the water flood was unsuccessful.
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In the summer of 1960, air injection tests were conducted using old wells in the area and a 
new air injection well drilled especially for the test. (Clark et al. 1965a). Looking for a suitable site for an in 
situ combustion test, Marathon Oil Co selected the Fry unit as possessing those features most desirable 
for such a research project. The close spacing of continuous cores in the Fry combustion site provided an 
unusual opportunity to study the details of distribution of lithology and reservoir properties within a 
petroleum reservoir. The objectives of the study were to determine what effects, if any, the reservoir rocks 
might have on the combustion process, so that the process might be better evaluated.
Geographically oriented cores reveal that the direction of depositing currents was to the 
southwest, parallel with the sand-body trend. Directions of maximum permeability are also parallel the 
northeast-southwest trend. Continuous cores were cut from 14 wells in the vicinity of the Fry site. Ten of 
the cores are from within the 3.3-acre pattern; six of the 10 were cut prior to combustion, and four were cut 
through the combustion zone. The layered nature of the sandstone reservoir and its directional properties 
have controlled the areal distribution of produced gas, the ignition behaviour, and the vertical profile and 
horizontal extent of the combustion zone. Four cores were drilled into the burned-out portion of the 
reservoir with no mechanical difficulties to study the effect of reservoir properties on the combustion 
process.
Field operations associated with the Fry combustion test began in the spring of 1960.
Four new oil wells were drilled in the summer of 1961 on a 3.3-acre pattern for the pilot test. Combustion 
was initiated on October 131961, with ignition being accomplished by a 40 kW electrical heater. All old 
wells in the near vicinity of the pilot test were abandoned to preclude any possibility of gas escaping to 
adjacent formations. The test phase of the project ended on Oct. 1,1963. Besides testing combustion in 
the Fry type of reservoir, the test was intended to evaluate various operating procedures. During the test, 
the average air injection rate was 1.52 MMSCFD. Production of all fluids-gas, oil, and water was 
monitored, throughout the test. Cumulative oil production credited to the project was 16,000 m3. The 
cumulative air-oil ratio was 11,500-scf/bbl oil, and the oxygen utilization efficiency was 87 per cent. (Clark 
etal. 1965b)
Air injection took place in two phases, and the phases were separated by the reservoir 
ignition. In the pre-ignition phase, air injection tests were conducted in the summers of 1960 and 1961. 
Cumulative gas production was 95.3% of the air injected. The difference between the cumulative air 
injected and the total gas produced can be largely accounted for by the quantity of air stored in the
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reservoir. Approximately 16 MMSCF of air remained in the burned-out portion of the reservoir and an 
indeterminate amount of gas was stored in the unburned but pressurized reservoir. Hence, a complete 
material balance of gases would account for nearly 100% of the air injected. At times during the test, the 
daily gas production rate was 98 % of the daily air injection rate.
A compressor plant was also installed at the test site in 1961. Air injection tests and other 
engineering studies were made. Except for the high rate of air injection, operation of the Fry combustion 
test was little different from the usual petroleum field operation. No difficulty was found with the open hole 
completion. There were no unusual corrosion or emulsion problems.
2.10.6  The P o te n t ia l H io h  Pressure L ig h t OH A ir  In je c t io n  P ro je c t in  M o u re e n  F ie ld  
a  W a te r - f lo o d e d  N o rth  S e a  R eservo ir.
The Maureen field in the UK sector of the North Sea reached the economic limit of its water flood achieving 
oil recovery close to 53% of the original oil-in-place (OOIP) and a volumetric sweep efficiency in the range 
of 90%. The residual oil saturation to water has been reduced to 23% for most of the reservoir. The 
estimate of the unrecoverable Maureen oil in place at the end of the water flood was 175 MM STB.
The feasibility of high pressure air injection improved oil recovery was evaluated as an cost effective 
alternative to other expensive injection options of unavailable gas. Six accelerating rate calorimeter (ARC) 
tests and five combustion tube tests were conducted to determine the oxidation characteristics of Maureen 
crude oil, while injecting air in the presence of reservoir rock and brine. Laboratory tests show the Maureen 
oil will auto-ignite at reservoir temperature, generate flue gas (85 % N2 and 15 % C02) and propagate a 
stable combustion front. A first contact miscible displacement process can be maintained with air 
enrichment. High pressure air injection was then modeled as a miscible process using the history matched 
Maureen water-flood model. The results showed incremental oil recovery due to air injection would range 
from 17.8 to 26.3 MM STB (4.5 to 6.6% OOIP) depending on the relative location of the air injection wells 
(flank or crestal). (Fraim, M.L. 1997) The air injection project was considered uneconomic and 
preparations for the field abandonment started end of 1999.
2 .7 0 .7  The P o te n t ia l L ig h t OH A ir  In je c t io n  P ro je c t  in  H a n d i!  F ie ld  in  In d o n e s ia .
Air injection into Handil light oil reservoir in Indonesia has been considered. A strategy of laboratory studies 
was adopted to assess the recovery potential by air injection and to help the determination and the 
quantification of optimal operating conditions and to assess the feasibility of high and low temperature 
oxidation. (Cedric Clara etal. 1999)
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The experimental strategy included:
•  Isothermal oxidation reaction experiments
•  Adiabatic disk reactor experiments
•  Isothermal air-flood experiments
•  Combustion tube experiments.
2.11 Environmental Considerations of Medium and Light Oil In-situ Combustion 
Projects.
In-situ combustion projects generate heat and the flue gases remain in the reservoir, while 
steam thermal IOR projects generate heat for the same purpose and the flue gases are released in the 
atmosphere. From this environmental point of view in-situ combustion is preferable to steam thermal IOR 
processes. However, CO2 and flue gases generated in steam processes can be re-injected in the 
reservoir. Application of in-situ combustion projects in sour petroleum or condensate reservoirs will have 
positive environmental impact due to reduction of the hydrocarbon sulphur content by conversion of the 
sulphur compounds to sulphur dioxide and sulphur trioxide, which under the reservoir temperature and 
pressure conditions are dissolved in the aquifer water forming sulphates.
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2.12 LITERATURE REVIEW-DISPLACEMENT MECHANISMS. GRAVITY EFFECTS & 
HORIZONTAL WELL APPLICATIONS IN THERMAL EOR & IN-SITU COMBUSTION 
PROCESSES
The main advantage of horizontal drain holes is water coning control and the increased 
productivity index (PI) due to the long reservoir penetration by the horizontal sections of the wells. 
Therefore, the horizontal wells can produce at higher rates, especially in low permeability formations or in 
thin reservoirs. Alternatively, horizontal wells can produce at a lower draw down that may suppress and 
delay coning. The use of horizontal wells can improve the performance of thermal recovery by steam 
stimulation, steam flooding, geothermal operations and in-situ combustion processes. (R.A., Aguilera et al. 
1991; M. Greaves & Al-Shamali, 1993)
Most of the horizontal well EOR activity has been in the area of thermal recovery, primarily 
in steam assisted gravity drainage (SAGD) and steam drives, where both horizontal injection and 
horizontal production wells have been tried. The potential for In-situ Combustion (ISC) projects with 
horizontal wells in Toe-to-Heel Air Injection (THAI) is assisted by forced flow in the well leading to high oil 
recovery. (M. Greaves & M. Ben Rahil 1995)
2.13 Horizontal Wells in Thermal EOR.
2 .13.1 Drilling Horizonta l Wells.
Drilling and well completion technological improvements make horizontal well applications 
in thermal EOR processes technically and economically feasible options. The geometrical targets of the 
horizontal sections are usually restricted to a drilling domain inside a parallelepiped 8-10 meters wide by 5- 
7 meters high allowing precise placement in reservoir locations of injection and production wells required in 
thermal IOR projects.
2 .13.2 R eservo ir Engineering Aspects o f Horizontal Wells in Therm al EOR
Horizontal wells can enhance oil production substantially, provided their locations 
regarding the OWC are optimal and their orientation is such that in a heterogeneous formation they 
penetrate several layers. (M. Greaves & 0. Mahgoub, 1996)
The use of horizontal wells in thermal EOR processes can provide several technical
advantages in:
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1. Delaying steam and air override
2. Increasing heat transfer from the well to the cold reservoir (only if needed -  but not in THAI)
3. Increasing the productivity index
4. Improving sweep efficiency due to the horizontal length and to the optimized well location in the pay- 
zone.
The advantages of horizontal wells in steam flooding and in in-situ combustion processes 
of air injection include:
1. delayed steam or combustion gas breakthrough because of improved sweep efficiency;
2. better injectivity at the same pressures;
3. the potential for maintaining reservoir pressure close to critical steam point over a wider reservoir region 
with no increase in the injection pressure.
2 .13 .3  N u m e r ic a l M o d e llin g  o f  H o riz o n ta l Wells in  T he rm a l EOR.
Numerical modelling techniques have been extensively used to study horizontal well 
applications in thermal EOR processes. Canadian and Venezuelan heavy-gravity oil fields were studied by 
numerical simulation. (Petit, Renard, and Valentin, 1989). It is shown that reservoir conditions, such as 
depth and pay zone thickness, affect the injection strategies and therefore, the oil productions. The 
results of the 3-D simulations showed that horizontal well patterns improved productivity, hence, projects 
can be completed in shorter time with fewer wells in fields where oil productivity is limited, such as in thin, 
viscous-oil reservoirs with low initial mobility.
The injection strategies applied to the different patterns included the number and the 
duration of the steam stimulation cycles, starting time of steam drive, influence of the presence and 
duration of a water drive on oil production. The extension of the heated zones and the evolution of the 
steam fronts depend upon the spatial distributions of the wells and main reservoir characteristics. The 
actual and simulated performance of the horizontal wells can be compared and analytical against 
numerical models have been validated.
2 .13 .4  V a lid a t io n  o f  H o riz o n ta l W e ll N u m e r ic a l M o d e ls  in  T he rm a l EOR.
Analytical models have been developed for thermal horizontal IOR well operations. 
Experimental results and validations of numerical simulation models by analytical solutions of horizontal 
well thermal IOR operations are extremely useful for the validation of horizontal well models and gravity 
drainage phenomena. (M. Greaves & 0. Mahgoub, 1996)
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2 .1 3 .5  F ie ld  C a s e  H isto ries o f  T he rm a l EOR H o riz o n ta l W e ll P ro jects.
2 .73.5 .1  The K ern  R ive r h o r iz o n ta l-w e ll s te a m  p i lo t
The original Kern River pilot was designed to use horizontal wells for cyclic steaming and 
steam flooding operations, when simulation results indicated the potential for early steam breakthrough 
and poor sweep efficiency of the displaced oil. (Dietrich, J.K., 1988, Johnson R.S., eta!. 1992) The pilot 
modification involved drilling conventional vertical wells for steam injection, while producing from horizontal 
wells. Numerical simulation was used to develop both the strategies for steam flooding operations at the 
Kern river test site during the period 1982-83 and the predictions of long-term process performance.
The pilot was terminated because of unfavorable economics after 2 1/2 % cumulative 
recovery of the oil initially in place (OIIP). However, long-term pilot operations were shown to be capable 
of recovering significantly more oil at equivalent oil to steam ratio (OSR) than that expected from the early 
terminated steam flood project.
2 .73 .5 .2  H o riz o n ta l W e ll S te a m  In je c t io n  in  L o c a  S u p e rie u r F ie ld
Several tests in the Lacq Superieur field in France showed that steam injection through 
vertical wells was not efficient due to the low permeability and horizontal wells were investigated. ( 
Sahuquet B.C. and Ferrier J.J., 1982; Sahuquet B.C., 1984; Sahuquet, B.C., etal. 1990.) Steam injection 
in horizontal wells is well-established technology, for example in tar sands in Canada. The particularities of 
the operation in the Lacq Superieur field are that the horizontal wells are used to achieve a high steam 
injectivity in a low permeability carbonate reservoir. The drain locations are optimized to sweep a large 
area delimited by existing producing wells.
A horizontal well was drilled at the end of 1988 and steam injection started in April 1989.
In accordance to the numerical simulation conclusions, 600 tones per day of steam were injected, without 
problems.
2 .13 .5 .3  EOR fro m  U a n u  Tor S ands o f  A la s k a  Using H o riz o n ta l Wells a n d  
E le c tro m a g n e t ic  H e a tin g .
Oil in the Ugnu tar sand reservoir in Alaska was discovered by BP in the depth range of 
828-994 m. A non-conventional enhanced oil recovery technique with horizontal wells and electromagnetic 
heating techniques has been proposed for recovering oil from Ugnu tar sand reservoir. Horizontal wells 
and electromagnetic heating techniques eliminate the important technical problems associated with 
conventional steam injection in the North Slope area. (Islam, Wadadar& Bansal 1991). The existence of
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a large permafrost region in North Slope reduces the effective heat that can be transmitted by steam 
injection to a reservoir, even with insulated tubing. However, air injection and fireflood may be a preferable 
alternative option.
Numerical simulation results show oil recovery as high as 60% of the oil in place for these
tar sands.
2.14. MISCIBLE OIL DISPLACEMENT.
2.14 .1  M is c ib le  F lo o d in g
Two fluids are miscible when they can be mixed in a single phase. As a result of single 
phase mixture of miscible fluids, there are no interfaces and consequently no interfacial tension exists 
between fluids. (Stalkup 1983) If interfacial tension between oil and displacing fluid is eliminated 
completely residual oil saturation can be reduced to its lowest possible values, since there is no interfacial 
tension between the fluids and capillary trapping is absent. Consequently, miscible processes can recover 
the residual oil that would be trapped by a conventional process. (M.W. Hombrook et al. 1991, Philip D. 
White 1985, J.G. Hansel etal. 1984)
For the relative permeability characterization in gas condensate studies, near-miscible 
relative permeability functions lines have been introduced, which reduce to straight lines in the extreme 
case that viscous forces alone govern the distribution of phases. (Jacques Hagoort et al. 1999) Nearly- 
miscible relative permeabilities can be also adopted in thermal IOR studies using the same assumptions as 
in gas condensate reservoirs.
There are many miscible drive fluid options:
1. Hydrocarbon solvents;




The miscible drive fluid is often more mobile and less dense than the oil it has to displace 
and it tends to by-pass much of the oil by over-running it or fingering through it, which is often leading to 
low displacement efficiency. Miscible processes are therefore best applied in dipping, highly permeable 
reservoirs, where the displacement is stabilized by gravity forces. Horizontal wells may provide a better
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overall displacement efficiency in miscible flooding. (A.I. Brusilovsky & A.F. Zazovsky, 1991, D.S. Hughes 
& P. Murphy 1988, A.K. Ambastha & H.J. Ramey Jr., 1989, D.Y. Kuan, etal 1986)
High costs and solvent availability are important factors affecting the applications of 
miscible flooding. Recently activity in miscible flooding has focused on the CO2  miscible process. (R.S.
Hearn & M.G. Bayat, 1984, F.J. Fayers, R.J. Hawes & J.D. Mathews, 1981) However, high-pressure 
(>400 bar) high-temperature ISC may develop miscible displacement and offer an alternative to CO2 
miscible flooding.





4. In situ solvent, distillate drives;
5. Miscible oil displacement by a solvent (H2 S, CO2 , super critical H2 O etc.);
7. Capillary pressure and relative permeability alteration;
8. Gravity segregation.
2 .14 .2  F lue  a a s  in je c tio n .
Flue gas injection has been a topic of EOR research for the past decades. This injection 
technique combines thermal and solvent EOR processes. (Siefried Mussig, 1992) Flue gas is injected in 
an oil reservoir and heat generated by combustion with the flue gas oxygen, is used to pre-warm injection 
water or steam. This technique is environmentally friendly conserving energy and reducing emissions of 
pollutant gases. This is a major advantage of the process in case of introduction of tax on carbon dioxide 
and other green house emissions. Flue gas and CO2  injection are EOR processes where the solvent is
injected as either a single slug or in several Water Alternating Gas (WAG) cycles followed by water 
injection to improve the microscopic displacement efficiency.
Flue gas is generally not miscible at typical North Sea reservoir conditions. Flue gas 
contains mainly N2 and CO2 . Minimum miscibility pressure for flue gases is practically equal to that for an
oil and nitrogen system. Flue gas could be miscible with oil at reservoir pressure and a temperature 
slightly higher than a typical reservoir temperature. This higher reservoir temperature could be sustained
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by in-situ combustion of reservoir hydrocarbons with the excess O2  contained in the flue gases, or with
excess combustion air. Air enriched in 02, or even pure O2 , could be used in the power generation
facilities, eliminating N2  and increasing the CO2  of the flue gases. Hence, a combination of flue gas
injection and in-situ combustion has a substantial potential for increasing oil recovery. (Bjorn Fossum et al., 
1992)
Carbon dioxide, CO2 , is not available offshore in the North Sea, and if it is going to be 
available it will be at high cost. Transportation cost of CO2  is a significant expenditure. Also transportation
of associated gas from offshore oil fields to onshore power plants has to be considered. Alternatively, 
electricity could be generated in offshore installations, eliminating the transportation costs for both the CO2 
and associated gas and providing significant quantities of flue gases for injection.
Future work for various options of flue gas injection and in-situ combustion by injection of 
flue gas containing O2  should include reservoir performance evaluated by numerical simulation.
2 .14 .3  M is c ib le  OH D is p la c e m e n t b v  S u p e r C r it ic a l W a te r.
Heating deep light oil reservoirs to vaporize the residual oil is efficient for eliminating the 
interfacial tension. Super-critical steam generation is possible for steam pressures above 22.62 MPa, 
corresponding to reservoir depths deeper than 1,500 m and a steam critical temperature above 374.1 °C. 
Water and liquid hydrocarbons form homogeneous solutions in the critical region. Oil is miscible with the 
super-critical steam/water, and therefore, the recovery efficiency becomes very high. The light oil can be 
efficiently and miscibly displaced with the super-critical steam/water driving agent eliminating the interfacial 
tension. (J. Burger, P. Souriieau & M. Combarnous, 1985; D.M. Yannimaras, A.H. Shufi, M.R. Fassihi, 
1991; Sze-Foo Chien, 1992; E.B. Chekalyuk, K.A. Oganov& V.P. Onoprienko, 1992)
Water is one of the most highly polar substances whereas oil is low polar compound. 
Water’s dielectric constant is 20 times that of oil, but as the temperature gets higher the polarity difference 
lowers. In the vicinity of the water critical temperature, the water dielectric constant decreases close that of 
oil and water becomes mutually soluble into liquid hydrocarbons. Phase behaviour studies of steam and 
hydrocarbon systems could be conducted in the near critical region, to investigate phase state and to tune 
EOS models. (DM  Yannimaras, A.H. Shufi & M.R. Fassihi, 1991; E.B. Chekalyuk, K.A. Oganov & V.P. 
Onoprienko, 1992; Sze-Foo Chien, 1992)
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Water salinity could be one factor affecting hydrocarbon-water miscibility in the water 
super-critical region. Positive and negative ions dissolved in water will not favour miscibility of water and 
hydrocarbons. Chemical compounds mutually soluble in hydrocarbons and aqueous phases such as CO2 
and H2S are expected to have positive effect on aqueous and hydrocarbon miscibility in the water super­
critical region.
Miscible Oil displacement by super critical water is technically feasible, but little or no 
practical experience has been gained so far. In-situ combustion in relatively deep high-pressure reservoirs 
involves operating conditions suitable to achieve miscibility of petroleum and super critical water. Other 
forms of thermal injection in deep high pressure reservoirs, like steam injection, are very unattractive, 
impractical and of extremely high cost, even if they can be proven technically feasible, because of un­
favourable conditions for heat transfer.
The overall super-critical steam recovery extends beyond that of gas stripping with 
nitrogen, and conventional CO2 flooding. Super-critical steam extracting effects, CO2 miscibility and
distillation are dominant mechanisms in this EOR process. (M.W. Hornbrook, etal. 1991)
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2.15 CHEMICAL REACTION STOICHIOMETRY AND KINETICS IN IN-SITU 
COMBUSTION PROCESSES.
The kinetics of combustion and cracking reactions in the cracking zone have been 
discussed widely in the literature. (I.S.Bousaid & HJ.Ramey, 1967; PiereA. Le Thiez and Patrick A. 
Lemonnier, 1990) Design of the process involves experimental evaluation of the process variables in 
laboratory combustion tube experiments. Variables, sought experimentally to be important for the design 
of the process, are usually fuel availability, air requirement, oxygen utilization efficiency, combustion peak 
temperature, combustion front velocity, and the effect of porous matrix on kinetic parameters. Among 
other things, it is a lack of complete understanding of the basic kinetics of the in-situ combustion 
processes, which has led to difficulties with the interpretation of field ISC projects.
The combustion tube scale is the appropriate one to study combustion front displacement 
phenomena. Research on ISC showed two main classes of oxidation reactions in petroleum reservoirs, 
Combustion or high-temperature oxidation (HTO) and low-temperature oxidation (LTO). (M.K. Dabbous & 
P.P. Fulton, 1974; K.O., Adegbesan e ta l, 1983; M.R. Fassihi, K.O. Meyers & P.P. Basiie, 1990; J.D.M 
Moore etal., 1992; D.D. Mamora and W.E. Brigham, 1994)
Combustion is oxidation reaction of hydrocarbons in the presence of O2. The two types of 
combustion reactions are complete combustion to carbon dioxide, CO2:
CpHjn +(3n+l) 02->n C02+(n+l) H2 O 
and incomplete combustion to carbon monoxide, CO:
CnH^+On+O -x C>2 -> +x CO +(n-x) CC>2 +(n+D H2 O.
The minimum combustion temperature is above 350 °C, which is several hundred degrees 
above normal reservoir temperature. A variety of reaction products are produced by the oxidation of the 
hydrocarbons. (J. Burger and B.C. Sahuquet, 1972; J. Burger, P. Souriieau & M. Combarnous, 1985; Piere 
A. Le Thiez and Patrick A. Lemonnier, 1990; J.D.M. Belgrade etal. 1994) The reaction between fuel and 
oxygen in in-situ combustion processes is a heterogeneous reaction.
High Temperature Reactions:
7. Com plete Combustion.
R-CH2-R' + 3/2 0 2 —> R-R' + C 0 2 + H20
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2. Incom plete Combustion to CO.
R-CH2-R' + 0 2 ---> R-R' + CO + H20
3. Incom plete Combustion to  Coke.
R-CH2-R'+ V2 O2  —> R-R‘ + C + H20
Low Temperature Reactions:
7. O xidation to  carboxvlic acids.
R-CH2-H + 3/2 0 2 —> R-c = 0 +  H20
I
OH
2. Oxidation to  A ldehyde ,
R-CH2-H + 0 2 —> R-c=0 + H20
I
H
3. Oxidation to  Ketone,
R-CH2-R' + 0 2 —> R-q = 0  + H20
I
R*
4. Oxidation to  Alcohols.
R-CH2-R‘ + 1/2 0 2 —> R-c h - ° h
I
R'
5. Oxidation to  Hydroperoxides.
R-CH2-R* + o 2 — > r-c h -o -o - h
I
R'
2.16 Stoichiometry of In-Situ Combustion Reactions.
The reaction rates in the burning zone and the quantity of fuel consumed have been 
studied intensively for two reasons. First, the maximum oil recovery is the difference between the original 
oil in place (OOIP) at the start of the operation and the oil consumed as fuel, less the oil retained in the 
reservoir. Second, one of the most important factors in the economic evaluation of any in-situ combustion 
project is the cost of air compression, which is related to the quantity of the consumed fuel. Excessive fuel 
deposition causes a slow rate of advance of the burning front and large air compression costs. However, if 
the fuel concentration is too low, the heat of combustion will not be sufficient to raise the temperature of 
the rock and the contained fluids to a level of self-sustained combustion. This may lead to combustion 
failure. Thus, it is necessary to understand the reactions occurring at different temperatures as the 
combustion front moves in the porous medium. The most crucial and yet least understood zone of in situ
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combustion oil recovery is the burning front, where temperature reaches its maximum value. The velocity 
of the burning front is controlled by the chemical reactions. Since crude oil is a mixture of hydrocarbons, it 
is necessary to consider a general characterization of the reaction mechanism.
Models have been proposed to analyze and differentiate petroleum and oxygen reactions 
at different temperatures. The results of this analysis along with correlations of apparent hydrogen to 
carbon (H/C) ratio and molar carbon dioxide to carbon monoxide (CO2 /CO) ratio indicated three major 
reaction types at different temperatures. (M.R.Fassihi, W.E.Brigham, H.J.Ramey Jr., 1984)
Oxygen consumption occurs mainly in the high temperature zone where the temperature 
is higher than 250°C. (R.G. Moore, etal., 1992). The burned fuel consists of carbon and hydrogen having 
an atomic H/C ratio equal to x and volume (molecular) ratio of CO/CO2 equal to p in the exhaust gases.
The values of x and p are calculated from produced gas analysis. The stoichiometry of the combustion 
process is defined as follows:
CHX +{[(2+P)/2(l+P)] +X/4} 0 2 [ l/( l+ p )]  C02 +[p/(l+p)] CO +x/2 H20  (2.1)
Analysis of the produced carbon oxides and free O2 in combustion tube experiments often 
are used to determine the type and amount of fuel being burned. Carbon oxides and free O2
concentration are useful history match parameters in numerical simulation of in-situ combustion processes. 
(M. Greaves, and J.W.O. Dudley, 1990; J.G.Hansel, M.A. Bennlnng, J.M.Fembacher, 1984)
Continuous analysis of produced gases from a small packed bed reactor, at both 
isothermal and linearly increasing temperatures, has shown that combustion of crude oil in porous media 
follows several consecutive reactions. Molar carbon dioxide to carbon monoxide (CO2/CO) and apparent 
hydrogen to carbon (H/C) ratios were used to observe the transition between these reactions at different 
temperature levels. (R.W. Field, J.W.O. Dudley, & M. Greaves, 1991; M.R.Fassihi, W.E. Brigham, H.J. 
Ramey Jr. 1984)
Analysis of gases produced from a reaction cell revealed that pyrolysis of crude oil in 
porous media goes through three overlapping stages: distillation, mild cracking (visbreaking) and severe 
cracking (coking). (J.G. Burger, & B.C. Sahuquet, 1972) Expressions that govern the rates of the two 
cracking reactions have been derived, and a technique is outlined to obtain initial estimates for their 
parameters from the experimental data. The parameters of a proposed distillation function, as well as 
refined estimates for the cracking reaction parameters, are obtained by non-linear regression methods
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based on an overall kinetic model. Successful matching of the experimental data, including the total 
amount of fuel deposited, has been achieved with these models.
It was found that fuel formation is a result of two successive cracking reactions that the oil
undergoes at temperatures above 280 °C. Also, distillation of crude oil at temperatures below 280 °C 
played an important role in shaping the nature and extent of the cracking reactions. The operating 
pressure and the rate of the sand heating were found to affect the fuel-formation process only through the 
influence exerted on distillation. Clay minerals showed a catalytic effect on the cracking reactions, 
especially coking. Finally, the asphaltene fraction of a crude oil was found to be related with the oil fuel 
content and reservoir rock pore blocking problems. (Hutchinson, H.L. Ip, D.T. 1983)
Analysis of produced gases in combustion tube experiments has shown besides
hydrocarbon gases the presence of N2 , CO2 , CO, 02, H2 , Ar, and H2 S. Nitrogen, N2 , Oxygen, O2 and
Argon Ar come from the injected air. The carbon oxides are considered to be the products of high
temperature oxidation. Hydrogen, H2, is considered to be released by thermal petroleum cracking in an 
oxygen deficient zone just downstream of the combustion region and any sulphur in excess of that 
associated with naturally occurring hydrogen sulphide is considered to arise from desulphurization 
reactions in oxygen deficient zones. The effect of small quantities of injected H2 in front of the combustion 
may affect cracking.
Gas analyses from steam drives and steam stimulations show the presence of carbon 
oxides in concentrations too large to be accounted for by the oxygen content of the crude, suggesting 
water gas shift reaction between the steam and the crude.
C + H20  --> CO +H2 (2.2a)
CO +H20  ~> C 0 2 +H2 (2.2b)
Wet in-situ combustion is characterized by wider steam zone and therefore, in this case, 
the significance of the water shift reaction is expected to be higher.
Chemical reaction stoichiometry is usually required as a material balance on 0 2, H2 and
carbon present in the reactive system, including the often neglected oxygen content of the crude and 
contributions resulting from mineral alterations. Naturally occurring carbonates and sulphates in the 
formation rock decompose at the high temperatures of the combustion front, as well as react with acid
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products formed by low-temperature oxidation. Even silica dissolves at slow rate in the presence of high 
temperature and high PH value in steam and ISC processes.
2 .1 7  R e a c t io n  M e c h a n is m s .
The reaction between fuel and oxygen in a forward combustion process is a 
heterogeneous one. Combustion proceeds by injecting oxidant gas through the burning zone to move the 
burning front. The following in-situ combustion chemicai reaction processes are considered to occur 
upstream of the burning zone:
CHEMICAL REACTION PROCESSES 
UPSTREAM OF THE COMBUSTION FRONT
1. Combustion of the rock organic material, if available
2. Unburned coke combustion
3. Displacement of combustion gases by air
Indirect oxidation via coke formation and combustion is expected to be the dominant mechanism of heavy 
low volatility petroleum, while direct oxidation with minimum coke formation is expected to be the dominant mechanism of light 
high volatility petroleum. A number of transport phenomena occur within the burning zone. (M.R.Fassihi, W.E. Brigham, H.J. 
Ramey Jr. 1984)
BURNING ZONE TRANSPORT PHENOMENA
1. Oxygen diffuses from the bulk gas stream to the fuel interface
2. Oxygen is absorbed on the fuel
3. Fuel and oxygen react
4. Low temperature direct hydrocarbon oxidation
5. High temperature direct hydrocarbon oxidation
6. Combustion products desorb
7. Combustion products are transferred into the bulk gas stream
Indirect fuel oxidation occurs in the solid coke phase, while direct fuel oxidation occurs in 
the liquid oil phase and potentially in the gas hydrocarbon phase. The overall reaction rate is controlled by 
the slowest step of the reaction. Also, the rate of a series of steps must be equal in the steady state 
condition. There are no useful correlations for computing adsorption and desorption of oxygen in a porous 
medium.
"Numerical Simulation of Air Injection Processes in High Pressure Light and Medium Oil Reservoirs.",
Chapter-2, John Tingas 9/3/2000
36
In non-iso-thermal numerical simulation studies of in-situ combustion processes, it is 
assumed that oxygen is a non-condensible gas, undisolved in the aqueous and petroleum phases. This 
can be justified by the phenomena involved in the burning zone processes. At high pressure, oxygen and 
fuel react at a high rate when oxygen is adsorbed on to the fuel surface and therefore, it is reasonable to 
assume that the oxygen concentration in the liquid hydrocarbon fuel phase is negligible and it can be 
considered approximately equal to zero. The same assumption is valid for the reactive carbon monoxide, 
CO, gas.
The phenomena involved become extremely difficult, even for simple reactions. Equations 
for a postulated mechanism contain at least 10 arbitrary constants. Several expressions developed for 
widely different mechanisms often will match experimental data equally well, because of the large number 
of independent variables. Therefore, chemical reaction characterization in non-iso-thermal numerical 
simulation of in-situ combustion processes is not unique and a successful parametric match could be 
possible for a number of chemical reaction characterizations.
The following in-situ combustion chemical reactions are considered downstream of the 
burning zone: (H.L. Beckers, G.J. Harmsen, 1970)
CHEMICAL REACTION PROCESSES 
DOWNSTREAM OF THE COMBUSTION FRONT
1. Hydrocarbon Cracking, Oil pyrolysis, coke formation and fuel 
deposition
2. Heavy oil distillation
3. Low temperature oxidation
4. Water and Hydrocarbon evaporation
5. Oil and water displacement by gas and steam
6. Water and Hydrocarbon condensation
7. Oil displacement by gas and water
The water and steam zones are formed from water initially in place and water produced 
via the combustion reactions. If some oxygen bypasses the combustion zone, low temperature oxidation 
reactions may occur downstream in the steam, water, oil zones. Oxygen bypassing can result from either 
insufficient combustion rate to consume all of the oxygen in the high temperature combustion zone, or 
heterogeneity as high permeability streaks, which can enable oxygen to be transferred through the high
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temperature combustion zone contacting insufficient fuel for complete utilization. Hence, the extent of low 
temperature oxidation in each zone depends upon oil reactivity.
In in-situ combustion processes, the combustion zone is preceded by a cracking or 
superheated steam zone where coke is formed from the thermal cracking (pyrolysis) of crude oil. The 
kinetics of the cracking reaction may be crucial affecting the performance of combustion processes 
because solid-like coke fuel is produced, the remaining oil may be upgraded and the vaporization 
behaviour may be affected. As a result, the cracking reaction will strongly influence the total amount of fuel 
available in the combustion zone. Reaction mechanism and the fuel composition have been correlated.
(M. Greaves, ft W. Field &M. Shalabe, 1987)
COMBUSTION
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The reaction mechanisms of hydrocarbon cracking are complex. Even for a pure 
component, it is almost impossible to describe the mechanism precisely. Nevertheless, it is possible to use 
simple general rate expressions to represent the reaction rate of the reactant pseudo-component. For 
pure hydrocarbons, it is well established that the cracking reaction can be properly modelled by first-order 
rate expression, although self-inhibition (decreasing first-order rate constant with increasing conversion) 
has been generally reported. This is caused by the formation of olefins, which are known to be good 
inhibitors of free-radical reactions. As a general rule, the reaction rate constant for normal paraffins 
increases with increasing carbon number, while the activation energy decreases with increasing carbon
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number. Global rate expressions were also applied to the pyrolysis of gas oil and crude oils by use of first- 
order kinetics. Models show that the first-order kinetics generally accepted for pure components are 
unsatisfactory for multi-component systems characterized by pseudo components. Three corrections to 
the existing first-order model are needed for modelling thermal cracking of mixtures. First, the apparent 
reaction order is always greater than one. Second, the reaction order is a decreasing function of 
temperature. Third, coke may also be formed from intermediate products. (J.G. Burger & B.C. Sahuquet, 
1972; Piere A. Le Thiez and Patrick A. Lemonnier, 1990; I.S.Bousaid & H.J.Ramey, 1967)
Petroleum may be split into a number of pseudo components. The petroleum phase is 
considered as a mixture of several pseudo-components undergoing chemical reactions with different 
kinetic parameters, where the reaction rate is controlled by the slowest reaction step.
Most of the studies lump the multi-component heavy oil mixture into one oil component. McNab et 
al. in 1991 assumed that only the heavy-oil fraction contributes to the cracking reaction and arbitrarily 
chose 80% of the residue of the distillation of the original crude as the heavy-oil component. An approach 
with a number of pseudo components was adopted by L.A.Wilson, R.J.Wygal, D.W.Reed, R.LGergins & 
J.H.Henderson, 1958; J.G. Burger & B.C. Sahuquet, 1972; C.Y. Lin, W.H. Chen, W.E. Culham, 1987; 
Abu-Khamsin, A. Sidqi, W. E. Brigham, H.J. Ramey Jr., 1988. In all the above studies, only the reaction 
rates of the crude oil components were considered, and no attempt was made to correlate the 
stoichiometry of the reaction.
In an attempt to match the distribution of oil pyrolysis products, a number of complex 
kinetic models have been constructed. The oil is divided into three to five components, and six to eight 
first-order reactions can be included in each model. It was found that these complex models couldn’t 
satisfactorily correlate all aspects of experimental behaviour of cracking reactions. Therefore, it was 
concluded that during the course of cracking reactions each pseudo component might have changed its 
characteristics. A comprehensive reaction scheme for catalytic cracking of hydrocarbons was developed 
by C.Y. Lin, W.H. Chen, W.E. Culham, in 1987, who simulated the gas-oil cracking using four pseudo 
components.
Each of the hydrocarbon pseudo-components can be further split into paraffinic, 
naphthenic, aromatic, and aromatic substitute groups. As a result, the reaction scheme involves higher 
number of pseudo-components and reaction constants. The Arrhenius constants and the activation 
energies for these reactions can be assumed to be universal constants functions of the hydrocarbon
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composition. However, the applicability of this model to heavy oils with a wider range of composition 
remains to be proved. The chemical reaction characterization adopted in our studies was an approach 
similar to that by C.Y. Lin, W.H. Chen, W.E. Culham, 1987, but without splitting to paraffinic, naphthenic, 
and aromatic substitute groups.
2 .1 8  C h e m ic a l R e a c t io n  K in e t ic s  o f  In -S itu  C o m b u s t io n  P ro c e s s e s .
Simulation of in-situ combustion processes poses numerical problems related to the 
characterization of chemical reactions in the burning zone and flame extinction. A general characterization 
of chemical reactions for a number of pseudo-components with kinetic parameters allows simulation of 
complex phenomena such as spontaneous ignition, oil cracking, and indirect and direct hydrocarbon 
combustion. (I.S.Bousaid & H.J.Ramey, 1967)
Formation of the fuel occurs in a reservoir undergoing in-situ combustion as a result of 
various physical and chemical changes in the reservoir oil, mainly distillation and thermal cracking. An 
important parameter to be considered in the design of a combustion project is the concentration of fuel 
deposited ahead of the combustion front, primarily in the evaporation and cracking zones. The nature of 
the fuel varies widely from one reservoir to another. It can be close to the heavy fraction of the parent oil 
or a solid coke-like residue. Survey of the literature revealed the following general observations regarding 
the influence of process variables on fuel properties and concentration. (J.G. Burger, 1972)
1. The fuel H/C ratio is generally lower than that of the parent oils to an extent that depends on the operating conditions. The fuel H/C ratio decreases 
with increasing combustion temperatures, coking temperatures, or pressure.
2 . Apparent molar H/C and CO2/CO ratios in the produced gas indicate the occurrence of several consecutive reactions, such as formation of CO and 
CO2 in stages, at different temperatures. (E.J. Couch, H.V. Rodriguez, 1970)
3. Molar CO2/CO and apparent H/C ratios were used to observe the transition between these reactions at different temperature level. (M.R. Fassihi, W.E. 
Brigham, H.J. Ramey Jr., 1984)
4. Decrease in oil API gravity or H/C ratio leads to an increased fuel deposition, higher carbon residue and higher viscosity.
5. Higher combustion-front temperature or slower front velocity reduces fuel deposition.
6 . Pressure has no general effect on fuel availability, with every oil type showing a different behaviour.
7. Higher initial oil saturation was found to cause more fuel deposition. On the other hand, it was argued that the residual oil saturation in the steam 
plateau was a key factor.
8. The specific surface area of the reservoir rock is of particular importance to fuel deposition due to catalytic effects, especially when clays are present.
Combustion of organic compounds, such as hydrocarbons, produces carbon dioxide, 
C02, if surplus of air above the stoichiometric requirements is available. Increasing the deficit or air supply
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below the stoichiometric air requirement for hydrocarbon combustion is associated with production of 
carbon monoxide, CO, and carbon black/coke. Carbon monoxide is produced to a lesser extent in 
laboratory combustion tube experiments and in petroleum reservoirs to a greater extent in combustion front 
region. Complete hydrocarbon oxidation to carbon dioxide, CO2, is more difficult in the pore system of 
reservoirs because of constraint oxygen supply via the torturous pore paths. Evidence of oxidation 
occurring in consecutive stages and more extensive partial oxidation justifies a chemical reaction 
characterization to be used in non-iso-thermal reservoir simulation of in-situ combustion processes based 
on oxidation in stages to CO and CO2. This approach is easily adaptable to numerical simulation models 
of in-situ combustion processes and reduces the required number of chemical reactions below the 
maximum allowable for most of the hardware/software platforms.
CHX + x/2 0 2 -> C + x/2 H20  (2.3.1)
CHX + [(x/2)+l] 0 2 -» CO + x/2 H20  (2.3.2)
CHX + [(x/2)+2] 0 2 C02 + x/2 H20  (2.3.3)
C + l/2  0 2 -> CO (2.4.1)
C + l/2  0 2 -> C02 (2.4.2)
CO +1/2 0 2 -> C02 (2.4.3)
Higher mass transfer rates of O2 in porous rocks saturated with light hydrocarbons of high 
hydrocarbon volatility reduce indirect hydrocarbon combustion. As consequence, direct hydrocarbon 
oxidation is expected to be more significant than in heavy oil in-situ combustion with coke formation.
Hence, the extent of direct hydrocarbon oxidation can be used as a sensitivity parameter in simulation 
history match of combustion tube experiments. A larger specific surface area facilitates the various 
heterogeneous reactions that cause coke fuel formation. While these observations serve as general 
guidelines for project design, functional relationships between process variables and fuel concentration are 
imperative for accurate prediction of in-situ combustion performance. Combustion-tube tests yield fuel 
concentration data, but such data have limited applicability considering areal variation of reservoir 
characteristics. Moreover, the saturation and properties of the residual oil in the steam plateau are 
expected to change as the combustion zone advances in the reservoir. Finally, simulation models 
developed for the in-situ combustion process require accurate mathematical formulation of the reaction 
kinetics that reservoir oil undergoes as the thermal heat wave propagates in the reservoir.
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In an idealized model, light-hydrocarbon displacement in the region approached by the 
combustion front is preceded by steam drive and reduction of the residual oil saturation, with substantial 
light-ends distillation. The approaching front causes the temperature to rise steadily with time, resulting in 
more distillation and triggering mild oil pyrolysis. Finally, immediately before the arrival of the front, severe 
pyrolysis of the trapped hydrocarbons causes fuel deposition. Throughout these events, the gas phase is 
composed of only nitrogen, carbon oxides, and water vapour.
The generalized chemical reaction rate of chemical reactions for hydrocarbon oxidation in 
a porous medium, can be represented by an Arrhenius-type equation as follows:
i
q =  Aj e(‘Ei/RT) (2.5)
Theoretical expressions for postulated mechanisms often contain high number of arbitrary 
constants. Because of the large number of arbitrary constants, several expressions developed for different 
mechanisms. In general, the combustion rate, Rc, of crude oil in a porous medium can be described as:
(M.R. Fassihi, W.E. Brigham, H.J. Ramey Jr., 1984):
Rc = dCm/dt = k Po2m Cmn, (2.6)
where
Cm = instantaneous concentration of fuel, 
k = rate constant,
P02 = partial pressure of oxygen, and
m, n = reaction orders.
The reaction constant, k, is a function of temperature, T, as expressed by
k =A exp(- E/RT) (2.7)
where,
E = the activation energy,
A = the Arrhenius constant,
R = the universal gas constant.
For heterogeneous reactions, the constant A is a function of the surface area of the rock.
Different techniques have been used to determine the kinetic parameters. Differential 
thermal analysis (DTA) is performed on samples of crude oil, and the resulting thermograms represent the
thermal history of each sample as it was heated at a uniform rate (usually 10 °C/min) in a constant air flow 
(usually 277 cm3/min). These thermograms indicate the presence of a number of exothermic reactions. 
Another method of analysis is thermogravimetric analysis (TGA). Here, a sample of crude oil is weighed 
continuously as it is heated at a constant rate. The resulting curve of weight change vs. time or 
temperature indicates the occurrence of reactions at different temperatures.
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2.18.1. Low Temperature Oxidation
Liquid-phase low temperature petroleum oxidation occurs at low temperatures in deep 
light oil reservoirs at 80 to 120 °C and its extent depends upon the diffusion of the oxygen molecules in the 
liquid phase. (M. Greaves, Ren S.R., and R.R Rathbone, 1998: Ren S.R., M. Greaves, and R.R Rathbone, 
1998). If the liquid phase is highly dispersed and it is accessible via a long flow path, as in the case of a 
porous medium, diffusion has to be faster than oxidation otherwise will be the slowest reaction step. (Abu- 
Khamsin, W.E. Brigham, H.J.Ramey, 1988) At reservoir conditions, it may be assumed that the oxygen 
concentration in the liquid phase is uniform and related to the oxygen gas phase partial pressure, P0 2 . If 
the fuel reaction order n, is assumed equal to 1, the chemical reaction rate equation can be written as;
-(1/v) dmo2  / dt = k0 e -E/RT cp p 0 S0 P0 2  n (2.8)
In Low Temperature Oxidation (LTO), formation of CO and CO2 follows only after a
sequence of partial oxidation reaction steps, which are likely to control the over-all reaction rate.
2.18.2 Oil Pyrolysis. Coke Formation and Fuel Deposition.
Pyrolysis reactions can be represented as follows:
Nh(l) “ * bl(l) + ^ as + Q (2.9)
The reaction rate for a heavy oil pseudo-component is: 
dNh(|)/dt = -kcn (2.10)
The reaction rate constant is normally expressed by the Arrhenius equation: 
k = A e"E/RT (2.11)
where:
Nh(|) = Heavy Oil
H(|) = Hydrocarbon derivatives
Gas = Light hydrocarbon gases mainly CH4
Q = Heat
n = Reaction Order (exponent)
E = Reaction Activation Energy
2.18.2a. Oil Pyrolysis. Coke Formation and Fuel Deposition- Forward Combustion
The clay content of the sand mixture influences the amount of coke fuel deposited in the 
sand. Pyrolysis of crude oil is assumed to take place in a chain reaction as follows:
(crude oil) -> (visbroken oil) + (gas) + Q (2.12)
a n d  th e n  c ra c k in g  p ro d u c in g  c o k e
(visbroken oil) -> (coke) + (gas) (2.13)
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These heterogeneous reactions occur at temperatures higher than 300°C on the surface 
of the fuel, solid particles or liquid droplets. The coke mass produced or consumed per unit time and unit 
pore volume Vp, is expressed a s :
l/v p d m c /d t = (S f/V p ) Us (2.14)
The oil specific reaction rate, Uso is the coke formation rate:
Uso = kc o (PoSo)e-Ec /RT (2.15)
and the coke combustion specific reaction rate:
Usc = k co  (mc /vp) p0 2 n ©'E <=/RT (2.16)
where:
V = Volume cm3
s = Area cm2
m = Mass, gm
t = time, sec
US = Specific reaction rate, gm/cm/sec
E = Reaction Activation Energy
Subscripts
c = Coke
f = Fuel beads
0 = Oil
P =Pore
It is assumed that coke formation is followed by coke combustion, and there is a coupling 
effect between the two processes. Hence, the velocity of a forward combustion front is related to the 
quantity of coke available for combustion.
2 . 18.2b. O il Pvrolvsis, C o k e  F o rm a tio n  a n d  F u e l D e p o s itio n - R everse  C o m b u s tio n  
The propagation velocity of a reverse combustion front is related to the oxidation rate. 
Reverse combustion takes place with a large excess of fuel and it may be assumed that fuel concentration 
is constant throughout the reaction zone. Also the reaction rate is a function of S0i the initial oil saturation. 
(Hughes R., Kazi R., Oklany J.S., & Price D., 1996)
l/vdm 02/dt = k*0 <p Po Soi P0 2n* e 'E*/RT (2.17)
2.18.3. H ig h  T e m p e ra tu re  C o k e  C o m b u s tio n .
Coke is burned to carbon oxides, CO2 and CO.
C + 0 2 -> C 0 2 + 93.05 kcal/mol (2.18)
2 C + 0 2 2 CO + 26.42 kcal/mol (2.19)
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2 .1 9  M e d iu m  a n d  L ig h t  P e tro le u m  C h e m ic a l R e a c t io n  K in e t ic s .
In medium and light petroleum ISC, the fuel available may or may not be solely in the form 
of coke. Direct hydrocarbon oxidation has been assumed as a reasonable assumption for light and 
medium petroleum. Supported by evidence of coke formation and cracking reactions, coke formation 
parallel to direct oxidation has been assumed in the light and medium petroleum chemical reaction 
characterization. Post burn sands for combustion tube tests were visually examined for residual cokes (T. 
Young 1997). In post-mortems of the experiments, all showed the formation of a thin coke layer (1-2 mm) 
in the regions where the combustion front swept the sand pack. The thin nature of the layer made difficult 
the measurement of the exact amount of coke.
This approach is equivalent to oxidation occurring in two parallel paths to coke formation 
and coke combustion parallel to alternatively direct oxidation to CO and CO2. In this way, chemical 
reaction kinetic parameters can be used to match simulated and observed CO/CO2 ratios in the 
combustion experiment. The following ten chemical reactions have been adopted for the chemical reaction 
characterization and are summarized in table 2.1.
The reaction enthalpy may be calculated from values of bond and atomic energies, 
accounting for the resonance energy when stabilized compounds are involved, such as C6H6, CO2, CO, 
etc. The reaction enthalpy from bond values and atomization energies is a useful first estimate for 
simulation data in combustion tube experiment simulations.
TABLE 2.1 CHEM ICAL REACTION CHARACTERIZATION MODEL FOR USE IN  
STARS
CHEMICAL REACTION REACTION TYPE STOICHIOMETRY
1 C21 + Cracking C21+ —> C1-C5 + Coke
2 C2n Cracking C21+ —> C11-C20 + Coke
3 C21+ Cracking C21+ —* C6-C10 + Coke
4 C11-C20 Cracking C11-C20 —* C2-C5 + Coke
5 Heavy Oil Burning C21+ + O2 —> H2O + CO + AH
6 Medium Oil Burning C11-C20 + O2 —> H2O + CO + AH
7 Light Oil Burning C6-C10 + O2 —» H2O + CO + AH
8 Hydrocarbon Gas Burning C1-G5 + O2 —> H2O + CO + AH
9 Coke Burning Coke + O2 —> H2O + CO2 + AH
10 Carbon Monoxide burning CO + 0.5 O2 —» CO2 + AH
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2 .2 0  S im p l i f ie d  C h e m ic a l R e a c t io n  R a te  E q u a t io n s  in  B u is c o m  M o d e ls .
During in-situ combustion different types of chemical reactions take place. A simplified 
version of the proposed general chemical reaction characterization used in this thesis has been used in 
BUISCOM, because the simulator can accommodate a smaller number of pseudo-components and 
chemical reactions. The chemical reaction characterization used is an extension of a previous one used 
with BUISCOM. (Bahadir A.R., 1994) These chemical reactions, are summarized in Table 2.2, and are 
nearly the same as those used by Crookston etal. 1979. The chemical reaction characterization includes:
1. Direct oxidation of petroleum pseudo-components:
(Oil Pseudo-Component) + s, 0 2 -> s2 CO + s3 H20  
CO + 1 /2 0 2 -> C 0 2
2. Thermal cracking of the heavy petroleum pseudo-components to form a light oil component, coke and 
inert gas:
(H eavy oil) =* s7 (Light oil) + s8 (Coke) + s9 (Inert gas)
3. Oxidation of coke formed by cracking:
C + l/2 0 2 -> C 0 2
The reaction rate expressions are used for the above reactions are;
r a  =  A  a  e ( "  E A  / R T )  Y  5P g 3 )
r B = A  b e ( ' EB/RT) Y  5P g ( (Z)poSoX 2 )
rc = A c e <- EC/RT> (Qp oS . X  f i  - 7 T ~ -“—
L C c m a x
TABLE 2.2 CHEMICAL REACTION CHARACTERIZATION MODEL FOR USE IN BUISCOM
CHEMICAL REACTION REACTION TYPE STOICHIOMETRY
1 C6+ Cracking Ce+ —* C1-C5 + Coke
2 Heavy Oil Burning Cg+ + O2 —> H2O + CO 2+ AH
3 Light Oil Burning C1-C5 + O2 —> H2O + CO2 + AH
4 Coke Burning Coke + O2 —> H2O + CO2 + AH
2.21 C h e m ic a l R e a c t io n  K in e t ic s  in  In -S itu  C o m b u s t io n  P ro c e s s e s .
A number of chemical reactions can be defined in a non-iso thermal simulator like 
’STARS’. It is assumed that for each reaction, each reactant reacts in a particular phase, for which 
stoichiometric, kinetic parameters and reaction enthalpies are defined. (CMG, 1997; K.C.Hong, 1990;
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J.H.Duerksen, 1990) Stoichiometric and kinetic parameters can be chosen as history matching 
parameters in reservoir simulation. This is an efficient matching technique to match the flue gas 
composition and flue gas breakthrough time.
The high temperature in-situ combustion process may lead to rock alterations and 
diagenetic processes transforming reservoir materials, thereby affecting both porosity and permeability. 
Also miscible/immiscible displacement with variable degree of miscibility is experienced in ISC processes 
affecting relative permeability. This alteration may justify the use of modified transmisibilities and can be 
considered in history matching with relative permeabilities and end points as the matching parameters. 
The use of relative permeability curves and end points are the most influential tools in achieving history 
matches. (C.A Glandt and J.D. Malcolm, 1991; K.C.Hong, 1990; K. Hutchence & N. Freitag, 1991; 
K.O.Adegbesan, 1991)
Several experiments were conducted to study the oxidation reactions of crude oil in 
porous media. Physical and chemical phenomena and their mechanisms occurring around the 
combustion zone can be studied effectively through numerical non-iso-thermal simulation. Although a 
number of numerical simulations of combustion tube experiments had been performed in the past with 
different non-isothermal simulators, no conclusions regarding the precise mechanism of fuel deposition 
had been drawn from these studies. (C.Y. Lin, W.H. Chen, S.T. Lee, W.E. Culham, 1984) Kinetic models 
have been proposed that are useful in analyzing and differentiating the oxidation reactions occurring in in- 
situ combustion. (L.E. Hajdo, R.J. Hallam, &L.D.L. Vomdran, 1985)
The mechanism of fuel deposition is controlled by two important processes, the 
evaporation of petroleum components and the kinetics of the cracking reaction. These two processes 
determine how much fuel will be in the form of coke and eventually how much fuel will be burned. It has 
been reported, that low-temperature oxidation can affect the fuel deposition and fuel characteristics. For a 
system with a high cracking reaction rate, it is likely that all the liquid hydrocarbons in the cracking zone will 
be either vaporized or coked so that coke is the sole source of fuel. However, if the evaporation rate is 
high, then only a portion of crude oil in the cracking zone is coked, and some residual crude oil also will be 
burned in the vicinity of the combustion zone.
In D.N.Dietz & J.Weijdema's 1967 kinetic equation, the temperature can be increased 
linearly with time and a semi-logarithmic straight line should result by proper graphing of the variables. The 
variable temperature runs were made to test this model and shows the gases produced and the oxygen
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consumed as the reservoir rock is heated uniformly. The reaction rate was calculated and the reaction 
order, n, was assumed to be equal to one after curve fit optimization. The high-temperature data fall on a 
straight line as predicted by Weijdema’s model, but at lower temperatures (increasing values of 1/T) a 
departure from the straight line is observed. It is clear from these data that a single-reaction model does 
not adequately describe the reaction kinetics observed.
A straight line is drawn through the high-temperature data. The activation energy is 
obtained from the line slope of the straight line. It is assumed that this reaction also occurs at lower 
temperatures according to an extrapolation of the high-temperature data. A calculation of the relative 
reaction rate, as a function of 1/T leads to nonlinear data. However, computation of an equivalent term for 
the carbon oxides formed, shows a definite straight line. Activation energy is calculated from the slope of 
this line and although the data scatter considerably, it appears reasonable to assume that the oxygen 
consumption curve in the medium temperature range follows the same slope. The results always fit 
straight lines, however, the reaction order with respect to fuel concentration, n, could be different for 
different petroleum components.
2.21.1 Simulation Grid Requirements for In-Situ Combustion Processes - The Thin 
Flame Problem.
In-situ combustion chemical reaction characterizations is important in ISC simulation since 
both the combustion-front propagation and the air requirements are controlled by the extent of the 
exothermic oxidation reactions. The propagation velocity of a forward combustion front depends on 
combustion and fuel formation, which are controlled by the kinetics of these processes. Furthermore, the 
peak temperature is related to the heat released by oxidation and combustion reactions. Therefore, a 
quantitative estimation of the parameters related to the chemical aspects of the process is a necessary 
step in studying combustion through a porous medium. Experimental data and theoretical considerations 
on heats of reaction, kinetics and numerical interpretation of the results have been presented and studied 
by J.D.M. Belgrave, 1994.
Fully implicit and compositional non-isothermal numerical simulation models are required 
to simulate in-situ combustion processes. The thickness of the burning zone is much smaller than the size 
of the grid blocks frequently used in field scale reservoir simulation. A kinetic characterization that 
accounts for average values of concentrations and temperature in the grid blocks may lose all the
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relevance when large grid block sizes are used. (I.S.Bousaid & H.J.Ramey 1968; H.K.Van Poolen and 
Associates Inc, 1981; Piere A. Le Thiez and Patrick A. Lemonnier, 1990; M.R. Fassihi, W.E.Brigham,
H.J.Ramey Jr., 1984)
The energy released by oxidation is spread over the relatively large grid blocks used in a 
field scale simulation model, and results in an unrealistically small rise in temperature. (D.C.Wiison & 
P.C.Casinader, 1978; Farouq Ali, 1984; Norton A. Myhill, 1980). To prevent extinction of the combustion 
front, when large blocks are used, Coats in 1980 introduced an ’activation-temperature’ concept in the 
Arrhenius term and obtained a reactant control model.
A complex kinetic mechanism and stoichiometry require a great number of parameters 
that have to be adjusted to achieve satisfactory history matching of observed fuel availability, combustion 
front velocity, or maximum temperature and temperature profile. Three kinetic parameters per reaction 
(pre-exponential factors, activation energies and reaction enthalpies and many more) can be considered 
along with the variation of stoichiometric coefficients and reaction orders. (C.A Glandt and J.D. Maicolm, 
1991; R.W. Lewis, K. Morgan & P.M. Roberts, 1985)
An alternative formulation of the combustion reactions involved in the in-situ combustion 
processes was based on the replacement of the Arrhenius type kinetics by a heat release curve calculated 
with a special algorithm. The shape of the heat release curve associated with a data set is determined. A 
sensitivity study is made in one dimension with the fuel combustion reaction described by Arrhenius type 
kinetics. According to the results of these simulations, a relationship can be obtained between the shape 
of the heat release curve and pressure, fuel availability, reaction kinetic parameters, air flux, and maximum 
temperature. This method seems to be time consuming and it can not be used easily in history matching.
2.22 Ignition in Firefloods.
Some crude oil oxidation takes place at reservoir temperature upon injection of air before 
ignition, and results in a slow temperature rise. The temperature increase accelerates crude oxidation and 
the process continues until the temperature of the crude oil has risen to the spontaneous ignition 
temperature. (Michael Prats, 1986) The ignition time is estimated by the following equation: 
tjg= [Pi Ci T0 (1+2R To/E)/(86400 (p S0 p0 Q Aq P0n E/R T0)] e E/R To (2.20)
Pi ci ~ (l-p) Pm cm + 9 Po co + Pw cw (2.21)
P0 = 0.209 P (2.22)
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where:
tjg = Ignition time, days
p = Density kg/m^
cp = Porosity (fraction)
S = Saturation (fraction)
c = Specific heat kcal/kg°C
T0 = Initial reservoir absolute temperature °K
Q = Heat of reaction kcal/kg02
A0 = Reaction rate constant sec'* atm'n
E = Reaction rate constant exponent °K
P0 = Oxygen partial pressure atma
P = Air injection pressure atma
Subscript
i = Oil formation
m = Formation matrix
o = Oil
w = Water
in some cases, heating of the air may reduce ignition time. Air overheating may generate 
coke in the well vicinity damaging formation by coke plugging. This oxidized coke is much more difficult to 
ignite than crude oil. However, moderate heating may be desired to reduce the ignition time and to control 
the initial location of the ignition.
2.23 Criteria for Sustainable In-Situ Combustion Processes in Oil Reservoirs.
Differential scanning calorimetry (DSC) has been used to determine the oil heat value in the 
presence of the reservoir rock. The minimum temperature required for the total fuel consumption is 
obtained by thermogravimetric analysis (TGA) and DSC. (Vossoughi etal.1982; Vossoughi etal.1983; 
Vossoughi, 1985; Vossoughi et al. 1985; Hughes, Indrijarso, and Price D., 1991)
Knowledge of the fuel (coke) content of the oil being burned, the volume of air or oxygen 
required to sustain combustion, the efficiency of oxygen use, and oxidation and combustion reactions, is 
imperative for predicting in-situ combustion performance. Numerical simulation of the in-situ combustion 
process requires well data, reservoir characterization, reservoir fluid properties, thermodynamics, 
stoichiometry and kinetics of chemical reactions. Experimental data for thermodynamic properties, 
reaction kinetics in the area of low-temperature oxidation, cracking, combustion, and coking are required to 
make a meaningful prediction, but usually are not available in the literature. These data are provided by 
combustion-tube experiments and associated reaction experiment.
Thermal analytical techniques such as, TGA, and DSC are used to generate required data 
for chemical reactions, including activation energy, pre exponential factor, rate constant, and heat of
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reaction. (Jha and Verkoczy, 1986) DSC can be used to determine the heat value of the oil in the 
presence of the reservoir rock. The minimum temperature required for total consumption of the fuel can 
be obtained by TGA and DSC. (Vossoughi,1985; E.S.Denbina, T.C.Boberg & M.B.Rotter, 1987). Thermal 
techniques can also provide oil information, such as the minimum ignition temperature of crude oil to 
sustain combustion, the fuel content, fluid to rock interaction, the decomposition of the mineral matter 
present in the core and the residue left after heating.
The influence of reservoir rock on the in-situ combustion process has been recognized by 
many investigators as an important part of the process. Several experimental studies have shown the 
effects of reservoir rock on the in-situ combustion process. However, all the available ISC feasibility 
studies neglect this important effect. The reservoir rock affects the minimum oil content necessary for the 
self-sustained combustion, which can be introduced as a new criterion for the selection of suitable 
reservoirs for the process.
The minimum amount of oil necessary to sustain combustion can be calculated and 
compared with the oil content of the reservoir. In reservoirs with oil contents greater than or equal to this 
minimum value ISC is considered feasible and sustainable. In-situ combustion tube experiments 
performed on actual reservoir rocks obtained from fields confirmed the validity of the prediction.
(Vossoughi, 1985; Hajdo, Haiiam & Vorndran, 1985) The oil content of the reservoir, Wr, is calculated by
the equation:
Wr  = S o P o q> (2.23)
where:
SQ = Oil saturation
p0 = Oil density, g/cm^ [lbm/cu ft]
<p = Porosity
The required minimum crude-oil content for self-sustained in-situ combustion, Wmjn, can be found by
applying an energy balance over a unit bulk volume of the rock in the vicinity of the combustion front.
W m in = P b Cb ATm in / A H  (2 .24)
where:
Pb cb = d-9) Pm c s + <P Pg c g (2-25)
ATmin= S q u ired  minimum front temperature minus ambient temperature, °C  [ °F ]
AH = Crude heat value, KJ/kg [cal/g]
Cjj = Bulk specific heat constant, KJ/kg °C [cal/g °F]
pjj = Bulk density, g/cm^ [lbm/cu ft]
pm = Solid density, g/cm^ [lbm/cu ft]
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Pg = Gas density, g/cm^ [lbm/cu ft]
Reservoirs with oil content, Wr, greater than or equal to the minimum crude oil content for 
self sustained in-situ combustion, Wmjn,
W r  >=  Wmin (2.26)
will be considered suitable for in-situ combustion processes.
2.24 Accelerating Rate Calorimeter(ARC) Tests.
Accelerating rate calorimeter (ARC) tests are run to obtain the Arrhenius activation energy, 
pre-exponential factors and order of reaction, along with the starting temperature and extent of the main 
exotherms. (D. Yannimaras & D.LTiffin, 1994) A reaction model may then be fitted to the results, 
assuming that a particular reaction order pertains. ARC is an adiabatic test at reservoir pressure, starting 
at reservoir temperature, which is accelerated (adiabiatically) up to 500°C (932°F). This final temperature
is an upper bound to the field peak temperature, since there is no further exothermic activity above 500°C. 
However, higher upper temperature bound can be specified, if required.
2.25 Catalytic Effects during In-Situ Combustion Processes .
Reservoir cores were found to have different kinetic behaviour to clean sand matrices for the 
following reasons (M.R. Fassihi, W.E. Brigham, H.J. Ramey Jr., 1984):
•  metallic additives, will lower the activation energy of the combustion reaction and hence shift the rate- 
determining steps,
•  clay and finer sands having larger surface area adsorb more fuel.
The catalytic effect of clays in reservoir rocks is significant in petroleum combustion. The 
presence of metallic derivatives of copper, iron, nickel, vanadium, etc., either in the oil or on the matrix has 
been shown to promote the oxidation reactions. Clays and silt material present in the formation rock have 
large surface areas and include several metallic derivatives that control coke deposition during the burning 
processes. Therefore, the mineralogy of the reservoir rock has great influence on the process variables of 
an in-situ combustion process.
The reservoir rock affects the minimum oil content necessary for a self sustained 
combustion. The influence of catalysts on the fuel availability may have a great significant for the success 
of the in-situ combustion technique applied to petroleum reservoirs. In 1969, Bousaid and Ramey pointed
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out that the catalytic effects of clays in reservoir rocks were significant in crude-oil combustion. They 
observed that adding 20% clay to the sand mixture caused a 10% reduction in the activation energy of the 
combustion reactions. Vossoughi et al. in 1985 also concluded that the addition of clay to porous media 
significantly affected petroleum combustion of crude oil. The clay content of the sand mixture influenced 
the amount of fuel (coke) deposited in the sand.
Drici and Vossoughi in1985 studied the effect of sand-grain surface area on petroleum combustion 
by performing a thermal analysis of crude-oil combustion in the presence of silica and alumina with a wide 
range of specific surface area. A reduction of the activation energy was reported for the mixtures of high 
surface-area/crude-oil ratio.
Burger and Sahuquet in 1973, using thermal analysis methods, found that derivatives of heavy 
metals such as copper, nickel, and iron catalyzed petroleum oxidation of crude oil. Additional coke was 
deposited when metallic derivatives were added either to oil or to the porous matrix. Clays and silt material 
present in the cores have large surface areas and include several metallic derivatives that control coke 
deposition during the burning process. The total mineralogy of the host reservoir rock can have a great 
influence on the process variables of an in-situ combustion process.
2.26 Selective Oxidation of Asphaltenes.
In-situ combustion of asphaltenes will improve fluid flow conditions in pore systems of the 
reservoir rocks de-blocking pores blocked by the asphaltenes, while an available form of fuel is used. 
Asphaltenes accumulated above the Oil-Water Contact in reservoirs could be oxidized selectively. These 
reservoirs even in the case of strong aquifer could be partially or sometimes nearly totally plugged from the 
aquifer by asphaltenes and natural water influx is not possible. Also gas injection and water flooding could 
become problematic due to separation of asphaltenes. In-situ combustion of asphaltenes will establish 
complete hydraulic communication of the oil-zone with the aquifer and the combustion fuel of the process 
will be mainly unrecoverable asphaltenes and not recoverable valuable hydrocarbons. Conditions for 
higher asphaltene chemical reaction rates possibly assisted by catalysis have to be examined.
2.27 Selective Oxidation of Non-Hydrocarbons Gases in Oil Reservoirs.
Selective in-situ combustion of high content, low value combustible non-hydrocarbons, 
such as H2 S, could be examined in light oil fields. Conditions for faster H2 S combustion could be
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examined for H2 S dissolved in the hydrocarbon liquid and the gas phases. Non-hydrocarbon combustible
gases, such as H2 S, have high solubility not only in gas and liquid hydrocarbon phase but also in aqueous
phase. H2 S dissolved in the aquifer is a significant quantity of fuel not associated with the hydrocarbon
phases, which could be used for in-situ combustion leading to steam generation enhancing oil recovery 
and reducing H2 S production.
2.28 Organic and Inorganic Sulphur Compound Oxidation in Thermal Sour 
Petroleum Recovery Processes.
Formation of CO, CO2 and H2S in thermal oil recovery processes of high sulphur content 
fossil fuels has been reported. The H2S formation is due decomposition or partial oxidation of organic 
sulphur compounds forming also organic carbonic acids, which may be oxidized further to CO2.
RCHjSH + 0 2-> R C 00H  + H2S (2.27)
RCOOH -> RH + C 02 (2.28)
Part of the H2S formation can be traced back to induced reduction of sulfates at elevated
temperatures.
4 RCH3 + SO,2- -> 4RCOOH + 3 S* + 4 HjO (2.29)
CH4 + S042' -> C 0 2 + S2- + H20  (2.30)
An appropriate chemical reaction characterization in thermal enhanced oil recovery for 
both steam processes and in-situ oil combustion is associated with weak oxidation conditions in reservoir 
regions leading to partial oxidation and H2S formation. In in-situ combustion processes in strong oxidation 
conditions, organic sulphur compounds and H2S will form sulfates having sulphur at its highest oxidation 
state.
S 2 + 0 2-> S 0 42 (2.31)
Hydrogen peroxide with NaOH to abate H2S has been used in geothermal operations in California.
HaS + 2 NaOH Na,S + 2 11,0 (2.32)
Na,S + 4 H20 2 N a,S04 + 4 H20  (2.33)
This is a chemical reaction path to sulfates and complete oxidation. The products of the
oxidation do not revert to H2S. However, if the PH is lowered due to formation of combustion products
such as CO2 then formation of H2S is possible.
N a ^  + C 02 + H ,0 Na2C 03 + H,S (2.34)
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Oxidation or in-situ combustion of H2S dissolved in the aquifer of sour petroleum reservoir 
may be achieved with air and caustic soda or NH4NO3 and caustic soda or hydrogen peroxide and caustic 
soda injection.
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CHAPTER-3. NUMERICAL RESERVOIR SIMULATION OF NON-ISO-
THERMAL PROCESSES
3.1 ANALYTICAL TECHNIQUES.
Analytical evaluations are useful for the validation of numerical models and 
quick estimates of field parametric values. Analytical models can be used to evaluate the 
performance of combustion tube experiments and pilot or field scale prediction cases including 
the evaluation of various parametric effects in in-situ combustion processes.
ISC processes are very complex and simplifying assumptions in 1D models 
are a necessity. Because of simplifying PVT assumptions, analytical solutions have been 
considered satisfactory for heavy oil and 1D combustion tube experiments, but not for medium 
or light petroleum.
3.1.2 Analytical Evaluation of Parametric Effects In In-situ Combustion Processes for a 
Water-flooded North Sea Field.
Typical data of a homogenous horizontal water flooded North Sea oil field, 
used in analytical studies, are summarized as follows. The data are similar to the base case 
data defined in reservoir simulation model studies. Depth to top pay is 3140 m with reservoir
temperature 99 °C and reservoir pressure 44.4 MPa. The initial oil saturation is assumed 70% 
and the initial water saturation 30%, while at the end of the water flooding the average oil 
saturation is reduced to 28%.
3.1.3 Mathematical Steady State Semi-Analvtical Model of In-situ Combustion.
Steam flooding and in-situ combustion processes have been studied by 
Yortsos etal. (Yannis C. Yortsos & George f t  Gavalas, 1980 & 1981; Y.C. Yortsos & C. Agca, 
1985; Y.C. Yortsos, 1991). An in-situ combustion process is considered in an idealized one­
dimensional reservoir following an approach similar to that proposed by Yortsos & Agca, 1985. 
An oxygen rich gas, such as air, is injected at constant rate u, and constant oxygen partial 
pressure Po2,in (Figure 3.1). Pure oxygen is considered for simplicity. Gravity override is 
neglected. Several assumptions are introduced to decouple the momentum balance from 
mass and energy balances. This way, the combustion characteristics are primarily controlled 
by the thermal energy and mass conservation.
It is also assumed that the combustion front develops as a result of the 
combustion reactions and the combustion front is moving at a constant velocity, v. The 
heterogeneous reaction of oxygen with the solid coke and direct oxidation of hydrocarbons
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generate a gaseous mixture of carbon monoxide and carbon dioxide. The simplified chemical 
reaction characterization is represented by the following lumped exothermic reaction:
CxHy + (y/4 + xz/2) 0 2 -► x COz + (y/2) H20  (3.1)
where the values x, y, z are determined by laboratory experiments and depend upon the type 
of fuel C xHy and oxygen excess or not. For the lumped reaction, the following simplified 
chemical rate equation is used:
r0 = P0n Ac (mf/M 0) exp[-E/RT] (3.1)
where n is the assumed chemical reaction order with respect to oxygen and takes values 
between 0 and 1. Ac is the kinetic constant value and E is the activation energy. Denoting by 
r0 and rh , the oxygen and the hydrocarbon fuel reaction rates the oxygen and fuel mass 





Figure 3.1 Schematic Diagram of 1D ISC Process
Oxygen mass balance
d[Sg CJ/a t + d[u C0]/ d x = D d 2CJ d \ 2 - r0 (3.2)
Fuel mass balance for immobile coke
d Mf/ d t =  -rf (3.3)
The reaction rates are related by a stoichiometric coefficient, while
mf = (1-Sg) pf/M f (3.4)
where Mf is the fuel molecular weight.
The ISC dynamics are described by the mass and thermal energy
conservation equations. The thermal energy balance includes heat transfer by gas phase
convection, conduction in the axial and lateral directions, and thermal energy generated by
chemical reaction. Using the model developed by Yortsos and Gavalas in 1980 & 1981 we
obtain
MR3 T / a t  + (u pg Cpg) 3 t /  s x =
= khr a 2T/ a x2 + M f rf (-AH) - (2/h7r) (khr pr Cpr)1/2 \ *0 [d T / d x ] d  x/(t-x)1/2 
where: (3.5)
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M r = volumetric heat capacity
-DH = The heat of reaction per mass of fuel
The above differential equations along with momentum balances and appropriate boundary conditions can be 
solved.
A simple analysis can provide an approximate answer to the question of 
steady state solution existence and sustained combustion front propagation. The combustion 
region can be approximated as a zone of constant velocity, v (Figure 3.2)
Temperature, T, reaction extent and oxygen partial pressure are considered constant in the 
combustion region. The error introduced with this assumption is expected to be small, if the 
reaction is localized in a small combustion region and the temperature profile is not sharp.
The following expression for the combustion zone length, L, can be used, 
which is based on the flame propagation theory
L = ( m k hr) / |  u P ( C „ - M hv | (3.6)
where:
m = dimensionless parameter a-priori fixed, 
khr = Reservoir Thermal Conductivity
h






Hence, the equation implicitly includes axial heat conduction. Neglecting axial diffusion and 
conduction, the conservation equations can be solved with respect to t in moving coordinate |  
at constant velocity, v, where
|  = x - v t  (3.7)
Thus the following equations are obtained:
u 3 C 0/3 | - v 3 ( S gC0)/3 | = r0 (3.8)
-<j) v 3 mf /3 ^  = - r f (3.9)
(u pg Cre - V  M r) a T/ 3 | = Mf r f (-AH) - r ^  (3.10)
where:
thl = The Rate of Lateral heat losses
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Introducing the ideal gas law and integrating the set of equations 3.8, 3.9,
3.10 over the length of the combustion zone the following solution as a set of algebraic
equations is obtained:
(u -4) v Sg) [(P0.in/R Tj) - (P0/R T )] = (nif/MJ P0" A, exp[-(E/R T) L (3.11)
4) v [(y/4) + (xz/2)J = (M /M 0) P0n A, exp[-E/RT]L (3.12)
(u pg Cpg - Mr v) (T-T;) ={[(r0 Mf -AH)/ ((y/4) +(xz/2))] -[2U(T-T.,)/h]}L (3.13)
U = (2/tii/2) (v k,, M /L )1/2 (3.14)
There are 4 unknowns in the equations 3.11-14:
T = Reaction temperature
v = Front velocity
P0 = The Reaction Extent
L = Length of the Combustion Zone
Other parameters considered constants in the 4 equations 3.11-14 with 4 unknowns are:
Ti = Initial Reservoir Temperature
DH = Heat released per mass of fuel
r0 = Oxygen Reaction Rate
pg = Gas (Oxygen) Density
Sg = Gas saturation
mt = Fuel Availability
pr = Rock density
<|> = porosity
khr = Thermal Conductivity
Mr = Rock Volumetric Heat Capacity
Cpr = Rock Heat Capacity
Cpg = Gas Heat Capacity, a function of temperature according to the following equation
Cpg =  a +  b T  + c T 2 (3.15)
In equation 3.13 the heat loss rate is expressed in terms of an equivalent heat transfer
coefficient, U, and the factor 2 accounts for both upwards and downwards heat losses. The
equation 3.14 is based on a simple heat transfer analysis and shows that the heat transfer
coefficient depends on both the front velocity and the combustion zone length.
The following dimensionless parameters are introduced:
Td =  (T-TjVTj (3.16)
vD =  v/u (3.17)
P D  =  P 0/ P o , i n  ( 3 - 18)
The dimensionless parameter Pd can be eliminated from equation 3.13 and
the following two equations are obtained in dimensionless form containing only two unknown
variables Td, v d :
Td = [(-AH mf (|> vD) /(Tj pg Cpg)] / [ l+2LU/(u  h pg Cpg) - MR/( pg Cpg) (3.19)
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[RT; mf <|) ((y/4) +(xz/2)) /(P0.in Mf) + <|> Sg] vD + (1/(1+ T D) {[ <J> u M0 ((y/4) +(xz/2)) ] /
[Mf L A,. P”0iin exp(-E/(R Tj ( l+ T D))]},/n vD,/n (1 - <|> Sg vD) = 1 (3.20)
Sensitivity analysis can be performed by varying one parameter, while keeping all the other 
parameters constant. The sensitivity of the steady state solutions of the equations can be 
investigated by considering variations in controlled parameters such as injection rate, pressure, 
the reservoir thickness, the initial reservoir temperature, front velocity and reaction extent.
The nonlinear equations 3.19 and 3.20 are solved numerically using a simple iterative 
procedure. The variable vd is varied at fixed small increments and the corresponding values 
for Td are evaluated. The solution is studied as the parameters u, P0lin, Ti and h are varied. 
Depending upon the values of the control parameters u, P0lin, and the variables Ti and h, either 
three or a single steady state develop. In case of three steady states, the solution includes the 
following three steady states:
1. Low temperature steady state close to the initial reservoir temperature (stable)
2. Intermediate temperature steady state (unstable)
3. High temperature steady state (stable)
A combustion front does not develop regardless of ignition, when only the low temperature 
steady state is obtained. When only the high temperature steady state is obtained, a 
combustion front develops spontaneously and ignition is not necessary. The high temperature 
steady state is stable and spontaneous ignition without preheating is predicted via the 
chemical reaction characterization. Spontaneous ignition is favoured by lower heat losses high 
initial reservoir temperatures high injection rates and pressures. The chemical reaction rates 
of hydrocarbon oxidation reactions are higher at high initial reservoir temperatures and lower 
heat losses. The released heat of reaction will increase temperature and hydrocarbon 
oxidation chemical reaction rates until auto-ignition will be achieved.
3.1.4 Conclusions.
Analytical models developed by Yortsos, Gavalas et al. for steam flooding and ISC processes 
are more appropriate for heavy than medium and light petroleum reservoirs. (Yanis C., 
Yortsos & George R. Gavalas, 1980 & 1981; Y.C. Yortsos & C. Agca, 1985; Y.C. Yortsos,
1991). The number and the type of the expected steady states and auto-ignition can be 
predicted by the developed analytical models. Numerical non-iso-thermal models cannot 
predict all the steady states. However, analytical models especially for medium and light 
petroleum due to simplifying assumptions can provide only order of magnitude estimates of
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reservoir performance in 1D and numerical reservoir simulation models are considered 
necessary.
3.2 Mathematical Model Developments.
The basis of mathematical models is the fundamental physical and chemical 
laws, such as the laws of conservation of mass, energy and momentum. Model developments 
must incorporate all the basic phenomena occurring in the processes involved. The model 
assumptions play a vital role in model development. An essential part of mathematical model 
development is to introduce simplifying reasonable assumptions without throwing out model 
accuracy in describing the physical world. (J.R. Wallis, 1993; K.H.Coats, R.L.Nielsen, 
M.H.Terhune & A.G.Weber, 1967; K.H. Coats, J.R. Dempsey & J.H. Henderson, 1970)
An extremely rigorous model that includes every phenomenon down to 
microscopic detail would be vastly complex and would take a long time to develop and might 
be impractical to solve, even on the latest super-computer. This is especially true in the case 
of non-isothermal compositional simulation of in-situ combustion and other thermal IOR 
processes. (Michael D.Rushing, B.C. Thomasson, B. Reynolds & P.B.Crawford, 1976.)
Frequently, during model validation, matching and future prediction, it 
becomes necessary to go back to previous steps and alter some of the previous assumptions. 
Obviously the need for the assumptions is constantly changing with improved understanding of 
the physical and chemical aspects of the recovery process, development of new numerical 
techniques, and hardware innovations. (W.van Vark, et al. 1992; A.F.Corrigan, et ah 1982; 
Richard H. Weaver, 1972; F.T.BIaskovich, et al. 1983) Reservoir modelling is an iterative 
process consisting of the following steps:
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RESERVOIR SIMULATION STEPS
1. Identification of the Processes involved
2. Description of the Reservoir Recovery Mechanism
3. Reservoir Characterization
4. Introduction of the Proper Model Assumptions
5. Development of the Numerical Stimulation Model
6. Initialization of the Numerical Simulation Model
7. Model Validation
8. History Match
9. Predict Future Reservoir Performance.
Many investigators have reported various types of models for in situ combustion 
simulation. The earliest treatments of this type relied on single-phase conduction and/or 
convection in one or two-dimensional system, containing a moving heat source. Examples are 
the models of Ramey, Bailey and Larkin 1959, Baker 1959, Thomas 1963, all of which use an 
analytical solution approach. C. Chu in 1982 first employed a numerical approach, which 
permitted the simulation of a finite thickness, and other features. In a later work, he 
investigated the vaporization-condensation phenomena.
The above works considered single-phase fluid flow. L.A.Wilson et al. in 1958 
developed the bank theory to predict oil, gas and water saturation distributions ahead of the 
combustion zone. Gottfried in 1965 first developed a one-dimensional, multiphase combustion 
simulator, incorporating most of the features of in situ combustion, except the heat losses. 
Couch and Rodriguez in 1970 used essentially the same model for a study on the effect of 
permeability and porosity on fuel content. Other one-and two-phase models of in situ 
combustion include the works of R.H. Thurnau in 1968 and C.H. Kuo in 1968. El-Khatib in 
1973 developed a multiphase, one-dimensional in situ combustion model, incorporating the 
fuel deposition feature, as well as other modifications of earlier works. Alderman, Fox, and 
Antonation, in 1983 have also described a somewhat unconventional approach to one­
dimensional modelling. Smith and Farouq Ali in 1971 as Eggeschwiler and Farouq AH in 1977 
have reported single phase, two-dimensional in situ combustion simulators, based upon a 
constant gas permeability ratio ahead and behind a moving front. Grabowski et al in 1979 
have proposed a rather comprehensive non-iso-thermal model for in situ combustion and 
steam processes. Finally, after an initial one-dimensional model developed by Rubin and 
Vinsome in 1980. Rubin and Buchanan in 1985 have developed a general purpose non-
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isothermal simulator, under the trade name ‘STARS’ the Rubin and Buchanan non-isothermal 
simulator released by CMG.
3.3 Energy Conservation Equation
The energy conservation equation contains conduction, convection, reaction, injection or 
production, band heater and heat loss terms. The energy conservation equation is,
—  (A  (pgh.Vs* + p. h.Vox + p. h .V ™  )
d x d x d x
0  (A A l . )  (pgh.Vgy + p. h.Voy + p. hw V»y )
d y  d y  d y
+  ( q* h  * g +  q 0 h  * o +  q wh * w ) -  ( H  a r a +  H b  Tb +  H e  rc +  Hd T d )  +  Hmj
=  ------  [  C c U c  +  ( l - ^ ) / ? r U g  +  (f) ( S g / ? g U g  +  So P o U o  +  Sw P - U - ) ]
d \
(3.21)
Heat injected by the band heater is obtained by the equation 3.22
Him =  7(Tb -T )  (3.22)
where r| is a band heater constant. The heat loss rate is calculated using the same method as 
in Vinsome and Westerveld in 1980.
Production/Injection Terms:
The production rates for the three phases are expressed as
y K A z  P . K . .
qt  ~ A x A y A z  f i  . { P s ~ Ppr °d)
Y K  A z O oK r0
q o = — “  “  — ( P  o -  P  p r o d )
A x  A y A z /L I o
Y K  k z  p  „ K  rw 
q W =  —  -  -  —  ( P g -  P p r o d  )




The Phase Velocity Equations:
The phase velocities are calculated as presented by F.W. Cole 1981 using Darcy's Law as 
follows:
T, r ^ ^ n K K r s ( dPs p t M . g d DV gx — —6 . 3 2 o  ( — ^ )
f l  g d x  1 4  4  g c  d x
K K r g  d P  g p  SM  g g d D  x
V g y — — D  . 3 Z  o  (
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3.4 Solution of the Equations
The fluid flow equations are nonlinear partial differential equations. These 
equations cannot be solved analytically, therefore, the finite-difference numerical technique is 
used. The discretization in time can be fully implicit and a central-difference method combined 
with one-point upstream weighting is employed for space discretization. (K. Aziz and Antonin 
Settari, 1979)
The discretization yields a number of coupled nonlinear algebraic equations 
per grid-block. One nonlinear algebraic equation can be reduced by eliminating the coke 
concentration equation, because the coke equation contains no inter-block flow terms. The 
resulting sets of nonlinear algebraic equations are solved for each time step by use of a 
Newton-Raphson procedure. In the case of Newton's method, the linear system of implicit 
equations is solved by using direct or iterative methods at each step of the Newton's-iteration.
The time step is estimated by comparing the maximum changes occurring in 
the primary variables during the previous time step and the largest change allowed for these 
variables specified as numerical control constraint. This time step selection method has been 
found to be very successful in in-situ combustion simulators. (H. J. Ramey Jr., 1959; J.W. 
Grabowski et a!., 1979; J.S. Oklany, 1992; J.S. Oklany, R. Hughes, A. Millington & D. Price, 
1994; B. Rubin & P.K.W. Vinsome, 1980)
In the absence of complete data for either laboratory or actual reservoir cases, 
an initial validation of the non-isothermal model can be achieved by comparing predicted 
results with those obtained from other simulators using a common test case or against 
correlations developed for different types of crude. ISC models have been used to 
successfully simulate laboratory and field scale studies during the past decade.
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3.5 Numerical Modelling of Thermal IOR Processes.
A major problem in designing new thermal recovery projects is to predict their 
performance. Until the early seventies this was mainly done by extrapolation from pilot 
projects or other similar field operations and by time consuming laboratory experiments with 
scaled reservoir models and by means of simplified analytical analysis of the processes. 
Nowadays, numerical simulation methods are also used for this purpose. Computer simulation 
is used during all stages of IOR projects, laboratory and pilot test interpretation, field 
development design and subsequent project surveillance studies. Numerical simulation is 
based on discretising a reservoir into finite blocks. Heat and fluid flow between the blocks are 
governed by differential equations and their petroleum reservoir approximations have been 
extensively tested. In numerical simulation, approximations are introduced due to the size of 
the grid blocks used. (Keith H. Coats, 1982; H.M.Staggs & E.F.Herbeck, 1971)
From a modelling stand-point, the main difficulties with thermal IOR processes 
are the narrow moving front zone as thin flame, and front tracking requirements, plus the 
complexity of the thermal processes and computational stability. The mass and energy 
balance equations are strongly non-linear and closely coupled. Fluid movements affect 
strongly the thermal energy flow. This close coupling of fluid and energy flow means that the 
equations that represent them must be solved simultaneously. (Norton A. Myhill, 1980; Farouq 
AH, 1984; Khalid Aziz, 1984; P.Lemonier, 1984)
The megascopic description is typically the size of a grid-block in numerical 
reservoir simulation models and contains many macroscopic elements. A macroscopic 
description describes a permeable medium with average properties and their variations at a 
scale much larger than the pores. The megascopic dispersivity is important in field scale 
simulation of IOR processes because it controls volumetric sweep efficiency within a grid-block 
and also oil recovery by determining the flow rate of formation fluids in the pores.
Thermal models can vary in complexity from simple two phase, steam-water 
geothermal models to the three phase and three component oil, gas, water and steam models 
for steam processes and further, to the complex compositional in situ combustion model with 
chemical reactions. The in-situ combustion energy balance equation is similar to that for steam 
flooding, with the addition of terms corresponding to the heat of reactions. Therefore, a 
general purpose non-isothermal model may simulate geothermal processes and both thermal 
IOR processes, steam-flooding and in-situ combustion. (CMG 1992; CMG 1993; Kent Thomas, 
1976; Barry Rubin & W. Lioyd Buchanan, 1983; Keith H, Coats, 1980)
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If distillation of lighter components is important, as it is in medium or light 
petroleum reservoirs, multi-pseudo-component characterization of the reservoir oil will be 
needed, in effect making the in-situ combustion simulator model requirements non-isothermal 
and compositional.
One of the main objectives of thermal IOR simulators is to reduce the risk in 
moving novel processes from the laboratory to the field, through physical experiments and 
numerical modelling. Numerical simulation may be the only way to estimate crude production 
response where there is heterogeneity. (Jensen, Sharma, Harris & Whitman, 1992; 
T.C.Boberg, M.B.Rotter, S.D.Stark, 1992; 112, D.N. Dietz, 1970; H.L. Beckers, G.J. Harmsen, 
1970,)
3.6 Adaptive Implicit Methodology in Thermal IOR Numerical 
Simulation.
An adaptive implicit method for thermal simulation can provide different degrees of 
implicitness in various simulation grid blocks. Hermitt and Guerllot in 1990 developed 
algorithms for adaptive mesh refinements. The maximum eigenvalue of a local amplification 
matrix, which is related to a dimensionless front velocity, can determine the switching between 
implicit and explicit treatment, and it can be done automatically. A switching criterion in 
adaptive implicit reservoir simulation is based on the numerical stability of the local 
amplification matrix. A special treatment of flow terms during appearance and disappearance 
of any particular phase is critical. This treatment used by Obala, Combe and Buchanan in 
1989 to create a more stable Jacobian matrix, especially in cases where an implicit block is 
downstream of an explicit neighbour. Farkas and Valko in 1994 used an adaptive implicit 
technique in steam-flood studies.
The saving in computer time by adaptive implicit option versus fully implicit may range, 
from 34% to 62%. Maximum savings in computer time can be achieved in the simulation of 
large field scale problems in which the thermal fronts are moving slowly. The method has 
been implemented in ‘STARS’, the non-isothermal simulator by CMG. With the adaptive 
implicit approach, field scale and combustion tube simulation studies with ‘STARS' are efficient 
in terms of CPU time.
"Numerical Simulation of Air Injection Processes in High Pressure Light and Medium Oil Reservoirs.",
Chapter-3, John Tingas 9/3/2000
66
3.7 Adaptive Computational Grids For IOR Simulation.
Numerical simulations of enhanced oil recovery processes should be undertaken on 
the smallest possible number of symmetrical elements of the pattern being considered so that 
computational costs may be reduced. Additional accuracy can be achieved for the same cost, if a self- 
adaptive computational grid is used for the simulation. Pietlicki et al. 1984 developed adaptive grids for 
EOR simulation. The choice of mesh to be used for a particular application is often a compromise 
between the desired spatial resolution and computational cost. This compromise is reached without the 
solution being known, even though the choice of mesh influences the solution obtained. In an adaptive 
mesh scheme, the computational grid is generated during the solution process, utilizing information 
available from the current solution.
There are currently alternative methods for adaptive mesh generation. In one adaptive mesh 
generation method, a constant number of grid blocks is maintained within the solution domain, 
adaptation taking place by repositioning the grid block boundaries. This method works well for 1- 
dimensional problems but is difficult to apply to 2- and 3-dimensional simulations.
3.8 Hybrid Grids in Thermal IOR Numerical Simulation.
Hybrid grids provide a methodology for efficient reservoir simulation with an optimized 
number of grid blocks. Hybrid grids reduce simulation computer time requirements in critical 
cases such as thermal IOR simulation. (CMG 1997) Hybrid radial and Cartesian grids are 
extremely useful for the combining radial grids around well bores with Cartesian grid. This way 
single well radial models can be directly combined with 3D full field simulation models.
Control-Volume Finite-Element (CVFE) grid is beneficially a flexible grid option for 
pattern thermal IOR and complex reservoir geometry simulation. The CVFE method 
overcomes the disadvantage of the finite difference method by providing high degree of grid 
flexibility for describing complex geometries. The CVFE grid is generated by discretizing the 
solution region into triangular elements. Grid points can be concentrated around the wells and 
the thermal front paths to provide better resolution without an excessive increase in 
computational cost. The CVFE approach ensures that conservation principles are satisfied 
locally. The grid orientation effects associated with the Cartesian grid are substantially 
reduced using a 1-point upstream finite difference method.
The CVFE approach has been implemented in ‘STARS’ the non-iso-thermal simulator by CMG 
and it has been tested in field scale simulation runs of ISC processes with good results.
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3.9 Numerical Dispersion in Thermal IOR Simulation.
Accurate numerical solutions to problems of multiphase flow in porous media 
are difficult because of numerical diffusion. Numerical diffusion can be an important source of 
inaccuracy in reservoir simulation, particularly where the number of grid blocks between wells 
is small. Numerical dispersion can be severe when using large grid block dimensions. Control 
of numerical diffusion is important in high rate North Sea water floods and in compositional 
simulation. Accurate simulation of thermal IOR processes is very important for the design and 
appraisal of pilots and full-field scale prediction. These processes have to be simulated with a 
number of grid blocks large enough to reduce the numerical dispersion to an acceptable level. 
This creates a need for larger number of grid blocks to obtain reliable solutions.
Conventional IMPES (Implicit Pressure Explicit Saturation) simulators 
frequently use single point upstream weighting for the flow terms and this is known to increase 
numerical diffusion. Shin and Merchant in 1994 have used a higher order flux update function 
to reduce numerical dispersion and grid orientation effects in reservoir simulation. Todd, 
O’Dell & Hirasaki in 1972 introduced two point upstream weighting scheme and showed that 
an improvement in accuracy is obtained when it is used in an IMPES model. Since pressure 
and saturations are solved implicitly in most industrial simulators, stable solutions require 
restricted time step sizes, such models can be CPU-consuming when simulating larger grid 
block systems. Hence, such simulators have their limitations when modelling irregular 
reservoir geometries.
3.10 The Variable Flux Weighting Method in Thermal IOR Simulation.
The Variable Flux Weighting (VFW) method uses a numerical analog to 
concepts developed in fractional flow theory. In fractional flow theory, only a single space 
dimension is considered, and the fluid is assumed to be incompressible. Capillary pressure 
effects can be included, but this typically makes the calculations considerably more difficult 
unless some approximations are made.
The variable-flux-weighting (VFW) method largely eliminates numerical 
diffusion at saturation discontinuities in two-phase flow in two-dimensional problems. The 
VFW method has been extended to multidimensional problems including gravity and capillarity. 
The VFW method is derived from the fractional flow theory and involves the computation of a 
variable weighting factor for the interface fractional flow between grid blocks. In order to
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eliminate numerical diffusion at fronts, the appropriate weighting has been found to be 
downstream weighting just ahead of the front and upstream weighting otherwise.
In 1D, the saturation distribution for 2-phase flow including gravity and 
capillary forces has been solved and compared with analytical solutions. The comparison is 
very good with no apparent numerical diffusion at the saturation discontinuity. In this case 
there is no saturation discontinuity, but the method introduces downstream weighting at the 
upstream edge of the capillary fringe, which effectively eliminates any significant numerical 
diffusion. 2D and 3D problems have also been solved demonstrating the accuracy of the 
method. For 3D problems, the current implementation of the VFW method is about ten times 
slower than an upstream-weighting IMPES method.
While accurate analytical solutions in 1D space have been developed and 
applied to a number of problems involving secondary and tertiary recovery, these techniques 
cannot be easily extended to multidimensional problems. Numerical methods using the 
method of characteristics and higher-order methods appear to be too complex for three- 
dimensional geometries.
The VFW method is a simple extension of standard first-order differential 
methods currently used in most reservoir simulators. Rather than using upstream weighting, 
the method uses downstream weighting just ahead of the saturation discontinuity and 
upstream weighting otherwise. A "shock" velocity and upstream "wave" velocity are computed 
for each grid block interface. If the upstream wave velocity is greater than or equal to the 
"shock" velocity, then downstream weighting is used. For time-steps during which the 
weighting changes, sub-time-steps in the saturation solution are used so that the weighting is 
the same during each sub-time-step.
Flux Corrected Transport (FCT) is another method, which was developed to reduce numerical 
diffusion in simulation of compressible flow. FCT is a technique developed to reduce 
numerical diffusion around shock fronts (Lassater 1985), which has not previously been used 
in reservoir engineering. Applications of FCT techniques to solve one-dimensional water 
flooding problem showed how to include FCT in an IMPES simulator. A comparison between 
laboratory data and simulator results indicated good agreement.
3.11 Front Tracking Requirements in Thermal IOR Simulation.
A large class of physical problems involves important discontinuities in 
physical quantities. Many reservoir processes develop distinct fronts that move through the
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reservoir. Advancing high water saturation fronts in water flooding, steam fronts in steam 
flooding and combustion fronts in ISC are a few examples. A saturation profile normally will be 
continuous, with some sharp transition zones that can be called discontinuities (real fronts). In 
these processes, saturation-changes occur over relatively small distances. Numerical 
techniques are often used to get solutions for these problems. The classical procedure is to 
solve partial differential equations, which govern changes of the potential and saturation with 
time. These equations do not explicitly indicate front formation. However, fronts do develop in 
the solution. The classical procedures work well if saturation profiles are not too steep. 
Traditional numerical methods have a tendency to smear discontinuities due to numerical 
dispersion and the results are a less accurate estimate of the position of the fluids and their 
motion in the reservoir.
By introducing the discontinuities (fronts) as separate entities, their positions 
can be simulated more accurately. The crucial point is to simulate correctly the physical 
discontinuities, such as saturation and temperature fronts. In front tracking, the sharp change 
in saturation or temperature is replaced by a discontinuous step function. This saturation jump 
is called a front, and front tracking methods handle the fronts separately.
In two space dimensions, each front is represented as a piece-wise linear curve. The speed of 
these fronts can be computed, and the saturation equation can be solved away from the fronts 
by a standard numerical method. The numerical methodology is based on a flux function, 
which is piece-wise linear approximation. This approximation leads to a saturation profile that 
is piece-wise constant. This approach enables a set of Riemann problems to be solved 
analytically.
The saturation consists solely of a step function with a set of discrete fronts in 
an efficient front-tracking numerical algorithm. However, the solution converges toward a 
continuous solution in the domains where the physical solution is continuous. In processes 
where dispersion is high and/or Buckley-Leverett effects are important, these fronts disperse 
and saturation-changes occur over a large section of the reservoir. Standard discretization 
methods adopting finite difference schemes do not handle such discontinuities effectively. For 
sharp fronts, a very fine mesh around the front is needed to be able to achieve good 
resolution.
Front tracking is ideally suited to the computation and resolution of 
discontinuities giving high quality solutions. The front tracking method has been applied to 
several model problems in reservoir simulation. Problems were treated as miscible and
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immiscible displacements for various frontal mobility ratios. Validation studies include mesh 
refinement, grid orientation and orthogonal coordinate changes. Front tracking methods have 
been studied extensively for two-dimensional displacements (e.g. Martin and Wegner 1978 & 
1979). In unit mobility ratio displacements, the potential field does not depend on the location 
of the front. Front tracking is then straightforward. The problem with non-unit mobility 
displacements is that as the front moves, the potential field changes. Therefore, the velocity 
field (i.e. streamlines) must be updated as the front moves. This can only be done numerically.
Various symmetries and homogeneity assumptions allow wells in a planar 
reservoir to be studied. Front tracking assists to evaluate the effects of mobility ratio and 
reservoir heterogeneity on the saturation profile and oil recovery. At high mobility ratios, 
fingering of the oil-water interface is observed experimentally and is predicted numerically with 
3D models. In an unstable case having mobility-ratio greater than 1, the solution depends 
significantly on reservoir heterogeneity.
By combining Darcy's law and the mass-conservation equations, a set of 
coupled nonlinear partial-differential equations are developed. The production and injection 
terms are modeled as a boundary condition on an internal boundary. The standard nonlinear, 
partial-differential equations that describe flow in porous media can be separated into a 
pressure equation and saturation equations. If the diffusion term is ignored, the saturation 
equations describe a physical problem where sharp discontinuities in the physical data are 
possible. Finite-difference methods used to solve these equations typically exhibit numerical 
dispersion. They also show numerical stability problems so that very short time steps may be 
required. Use of an implicit formulation can reduce this limitation of the time step length, but 
this will not solve the numerical dispersion problem.
Different methods are suggested in the literature for representing the 
saturation fronts more accurately. These methods usually center on the method of 
characteristics and usually are limited to miscible flow problems. Glimm et al. in 1983 
developed a front-tracking simulator (FTS) based on a method that follows the discontinuities 
separately and solves the saturation equation in the remaining part of the reservoir with an 
finite-difference method. Erkal and Numbere 1996 using a high level PC programming 
language developed a front tracking technique for thermal saturation fronts in steam floods.
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3.12 The Moving Coordinate System in Thermal IOR Simulation.
A numerical front-tracking technique, based on a transformation of the 
governing equations into a Moving Coordinate System (MCS), can be applied to a finite- 
element reservoir simulator. The MCS is a numerical method that performs three-dimensional 
(3D) simulation without numerical dispersion in a symmetric flooding pattern. MCS can solve 
complex physical processes and it can be used in IOR studies. Comparisons with other 
methods show that computer time can be greatly reduced with the same accuracy. The 
method is especially suited for studies of tertiary oil-recovery pilots with chemical flooding, 
thermal processes and other miscible displacement processes. The MCS front-tracking 
technique is compared to conventional finite-element formulations with a uniform grid over the 
entire domain. Core flood and cross-sectional models are used to study the physical process 
and reservoir layering, as well as other components crucial for the design of a flood. The 
stream-tube approach and the 3D symmetric pattern simulation, where the MCS is applied, 
can study simultaneously the sensitivity to parameter variation and full-field performance. The 
symmetric pattern simulation can provide response functions of individual stream-tubes 
through the detailed simulation of a small area.
Lake in 1989 and Lake et al. in 1992 studied the Benton stage chemical flood 
project with cross sectional, two-dimensional, 2D, simulation and developed a stream tube 
programme to account for areal and confinement effects. With this procedure the effect of 
dispersion is not properly accounted.
Many studies were conducted to develop methods for reducing numerical 
dispersion. Price et al. in 1968 showed that when the convective-diffusive equation is solved 
with a centered finite-difference approximation, oscillations can theoretically be avoided. The 
finite-difference and weighted residual basic numerical methods show either oscillations close 
to the sharp fronts or a smearing of the front.
A number of methods designed to solve hyperbolic equations have been 
applied to solve the convective/diffusive equations. None of these methods eliminates the 
dispersive effect rigorously. Also, hybrid methods, such as variable interpolation and flux- 
correlated transport, have been tested. The MCS can be applied to numerous parabolic 
differential equations in 1,2, or 3D systems.
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3.13 The Hiqqins-Leighton Stream Line Concept in Reservoir 
Simulation.
The Higgins-Leighton method assumes that the flow lines during displacement 
are independent of mobility ratio. The method has been shown to work well in homogeneous, 
incompressible systems; however, the method need not be limited to those systems.
First, the flow lines with unit mobility ratios are determined. Next each pair of 
flow lines is thought of as forming a flow tube. Each tube is divided into equal volume 
increments. Displacement calculations are made on each tube individually and the results are 
added. Use is made of Buckley-Leverett relationships in part and finite difference 
considerations in others. The common boundary condition for all tubes is the same pressure 
at the extremities. Although the pressure drop over each tube is constant, the throughput for 
each tube will depend on the overall flow resistance of each tube at its existing saturation 
distribution.
3.14 The Stream Line Concept in Reservoir Simulation.
The stream line concept in reservoir simulation may assist front tracking by 
providing velocity vectors perpendicular to fronts predicting front movement orientation and 
speed. Stream-Line Simulators (SLS) were introduced by Higgins and Leighton in 1962 as 
an aid to forecast the performance of water floods in petroleum reservoirs. The stream tube 
concept made this possible by simplifying simulations to a set of problems in 1D using stream 
tubes. Complex simulations could then be performed consuming less CPU time compared to 
traditional simulators.
The streamline concept involves certain restrictions in the mathematical 
foundation. Streamlines are defined as flow paths orthogonal to the potential lines. A stream 
tube is defined as the cross sectional area between two neighbouring streamlines. The number 
of streamlines is determined by the number of starting points at the injection wells ending at 
the production wells. The streamlines are divided into equal volume cells.
A cell is bounded on two sides by streamlines and equipotential lines are 
usually used to make the other cut-offs. Trapezoids are constructed whose vertical sides are 
spaced apart. The length of the sides of the trapezoids is the difference between an ordinate 
cut-off by the top and bottom of the cell. The coordinates of the points along equipotential or 
streamlines may be obtained by Lagrange’s equation of interpolation for which the constants 
are co-ordinate points at the intersections.
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By simplifying the description of the phenomena involved, the complexity of a 
general reservoir simulator is reduced and an extremely CPU-efficient tool for approximate 
studies of fluid flow processes is established. The streamlines are computed from a pressure 
field and the saturation fronts are moved along the streamlines to create a drainage picture. 
The pressure field is computed every time the production and injection rates are changed.
Most streamline models are based on standard finite difference techniques to 
approximate the differential equations describing the flow in the reservoir. The total velocity 
field resulting from the solution of the pressure will remain nearly constant throughout the 
whole simulation period given that production conditions remain nearly constant. The pressure 
equation is in principle solved only once for a number of time steps during a simulation run, 
and this is the main reason for the extreme CPU-efficiency of the streamline simulator. The 
saturation equation is solved in the established total velocity field. The typical advantages of 
the traditional concepts, CPU-efficiency and accurate front description, are retained.
3.15 Stream Line Simulation for Thermal IOR Processes.
Streamline simulation (SLS) may serve several purposes as an extremely 
cost-effective tool for sensitivity studies. SLS allows simulation studies to be performed 
economically at lower cost. It can be a combined with analytical and numerical methods and 
contributes to increase credibility of results obtained by analytical or numerical calculations. 
The SLS can be accessed as an option in the general FTS simulator.
SLS is used to establish an areal picture of the sweep efficiency. From the 
pressure solution, a streamline picture can be formed and drainage areas for producers and 
sweep efficiency for injectors can be displayed. A basis for curvilinear grids is formed by 
combining the streamline pattern with the potential lines. These can be used as input to 
standard FDS simulators.
Water saturation fronts and water breakthrough times in water-floods can be 
predicted with stream line simulators. Similarly, the combustion front peak temperatures and 
temperature profiles in ISC processes can be predicted with stream line simulators. Finally the 
well production profiles can be generated. The volumetric sweep drainage efficiency is 
calculated for each well relative to both the field and the individual well sweep drainage area. 
The pressure and thereby also the streamlines, are recalculated automatically when the 
production rate changes. In addition, a recalculation can be specified explicitly. The CPU-
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efficiency makes the SLS suitable in connection with automatic optimization of production 
parameters.
3.16 Front Tracking Reservoir Simulators in Thermal IOR Simulation.
Front Tracking Simulators (FTS) show no numerical dispersion and are fully 
stable for large time steps. FTS simulation is to a high degree independent of grid cell 
geometries. For large grid block system, FTS simulation requires a reduced CPU time 
compared to the FDS simulator. If the physical conditions are fulfilled, the SLS, which may be 
included as an option in a general FTS simulator, can be accessed for additional CPU savings 
and more accurate solutions. The solution of the saturation equation is stable for all time step 
sizes and the solution method is fast (direct solution). This, in combination with the grid 
geometry advantages, makes the concept very CPU efficient compared to traditional finite 
difference methods, particularly for larger grid systems. (Shaw and Dozzo, 1990; D.C. Shaw, 
1992)
The method for solving the saturation equations is based on an approximation 
of the fractional flow function by a piece-wise linear function. This method makes it possible to 
solve the saturation equations without stability problems and unbound by the time step length 
limiting CFL condition.
Many reservoir processes develop distinctive fronts, as discontinuities, that 
move through the reservoir. When the width of the discontinuity is longer than the computation 
mesh sizes, standard methods are not always adequate. By tracking frontal movement, 
accurate characterization of the front location is provided. A front-tracking method for three- 
dimensional piston-like displacement can be adopted. Flow is treated as a succession of 
steady-states. With these assumptions, the potential equation is solved by finite-element 
methods, and the front moves accordingly. Elements are originally aligned with streamlines 
based on single-phase flow so that mesh orientation effects are minimized. As the front 
moves, elements are revised to represent the discontinuity at the front accurately.
3.17 The Flame Extinction Problem, Thin Flame Simulation and Front 
Tracking in Mathematical Modelling of In-Situ Combustion Processes.
The flame extinction problem is a severe limitation to the use of reservoir 
simulators with finite difference techniques particularly in the modelling of field scale ISC 
simulation studies where the grid block size is far larger than the flame size. The thickness of
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the burning zone is considerably smaller than the size of grid blocks normally used in field 
scale studies. Because of this, current simulation techniques do not yield accurate 
temperature and saturation distribution solutions. The energy released by oxidation is spread 
over the relatively large grid blocks used in field scale models, and an unrealistically small rise 
in temperature results. Parameters such as temperature and saturations are averaged over a 
grid block. They will be misrepresented in the Arrhenius reaction rate equation and therefore 
the flame may incorrectly be extinct in the mathematical modelling while in the reservoir 
conditions the flame front advances without problems. The computed temperatures may not 
be high enough to sustain reaction at reasonable rates depending on the activation energies 
used in the Arrhenius rate expressions. (Calvin C. Mattax & Robert L  Dalton 1990; Richard J. 
Davies, 1988; J.G. Burger & B.C. Sahuquet, 1972; Barry Rubin & W.LIoyd Buchanan, 1983; 
Keith H, Coats, 1980). Even if the flame is not extinct in simulation studies, performance will 
be severely underestimated because of lower front temperature predictions.
The apparent solution to the flame extinction problem is to decrease the block 
sizes, but this normally leads to unacceptable computing costs and large models above the 
capacity of available hardware platforms. As a solution a finer grid may be used in the 
reservoir area where the thermal front movements are expected. An alternative solution is to 
use arbitrarily low activation energies but the reactions are no longer kinetic controlled. As a 
consequence, the reactant controlled model is generally used for simulating field scale forward 
combustion. This type of model is satisfactory for some purposes but it is unable among other 
for example to predict spontaneous ignition. Furthermore, it assumes that oxygen reacts with 
the first oil conducted and it cannot simulate reverse combustion.
3.18 The Validation of FTS in Thermal IOR Simulation.
Front tracking may provide an accurate and inexpensive solution for problems 
such as coning, gravity under and override in fluid displacements, and combustion fronts or 
gas condensation fronts, in which movement of the front is of primary concern. The method is 
applicable to two fluids of any mobility and density contrasts. (M.K. Hwang, W.R. Jines and 
A.S. Odeh, 1982; James Giimm et al., 1983)
FTS have been verified by comparing their results with the results of standard 
finite difference simulators (FDS). (Michael E. Armento and Clarence E. Miller, 1977; Iflyenia 
Kececioglu, 1990). To verify a FTS simulator and to demonstrate typical advantages, a set of 
comparative runs have to be performed on the FTS and on a FDS simulator. Three categories
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of typical simulation problems, grid effects, numerical dispersion and CPU requirements have 
to be investigated.
Standard FDS simulators based on the five-point scheme tend to give 
distorted saturation solutions when operating on irregular grid systems fThomas, 1977). This 
imposes a restriction on the user when modelling complex reservoir geometries. Thus, the 
seven-point and nine-point schemes are preferable.
A severe distortion of the fronts, with a preferred flow direction orthogonal to 
the grid faces, is observed in the FDS simulator. In the FTS and in the streamline simulation 
grid effects scarcely occur. The breakthrough time in the skewed grid corresponds well to the 
time observed in the orthogonal grid. The heterogeneous geology may create complex front 
geometries in time. Due to numerical dispersion, breakthrough occurs earlier in the FDS 
simulator than in the FTS simulator, which reflects a shock front behaviour.
The CPU-efficiency of the FTS simulator is a result of four factors in 
combination. First, the solution of the saturation equation is explicit and direct, which makes it 
fast. Second, it is stable for all time step sizes, which allows the user to specify larger time 
steps. Third, since no numerical dispersion occurs, grid cell sizes need not be extensively 
reduced in size. Overall, this implies that reliable solutions can be obtained with coarser grid 
systems.
3.19 Thermal IOR Numerical Simulation Model Validation against 
Analytical Solutions.
There are two requirements before a numerical simulation model can be 
accepted as a useful prediction tool. First, it must be validated against analytical solutions to 
show that the governing equations of the mathematical model have been correctly set up as a 
numerical model into the software package and that the numerical solution algorithm works 
with adequate accuracy. Second, validation against laboratory data, such as combustion tube 
test data preferably 3-D, and field pilot tests, which is the ultimate test showing that the 
numerical simulator simulates properly the phenomena involved. (Gottfried, 1965; Fassihi, 
Gordan & Ramey Jr., 1981; AF.Corrigan et al., 1982; Y. Yortsos, 1991; W.van Vark et al., 
1992).
Validation of reservoir simulators for complex recovery processes is a 
particularly difficult problem, since analytical solutions are available only under a few limiting 
conditions. Comparison of the results from different simulators for the same problem can be
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used, as an alternative. Agreement between the results from different simulators does not 
ensure validity of the results, while a lack of agreement causes some concern. (Aziz, A.B. 
Ramesh & P.T.Woo, 1987) Such comparisons can be useful in the development of new 
models and in optimizing the performance of existing reservoir simulators. (L.R. Stoltz, 1992; 
M. Greaves & Al-Shamali, 1993)
Discrepancies between analytical or semi-analytical solutions of mathematical 
models and reservoir simulation results can represent not only an inaccurate solution 
procedure, but also a failure of the basic formulation of the problem to include certain factors. 
(B.S. Gottfried, 1965; M.R. Fassihi, B.D. Gordan & H.J. Ramey Jr., 1981; Mukhopadhyday S. 
& Sahimi M. 1992; Y.C. Yortsos, 1991). A careful study of the discrepancy can point to new 
phenomena involved and not simulated and indicate new directions of research. (H.LChen & 
N.D.Sylvester, 1990; A.i. Brusiiovsky & A.F. Zazovsky, 1991; Marcelo Rame & J.E. Kiiiough,
1992)
3.20 Thermal IOR Numerical Model Validation against Laboratory 
Experiments.
Validation of non-iso-thermal simulators against laboratory combustion tube 
experiments will indicate if the numerical simulation algorithm works with adequate accuracy at 
this scale level. Comparison of actual laboratory experimental data and simulation model 
results can indicate the model validity without the uncertainty related to the inadequately 
known reservoir rock and fluid characterization data. (S.M Kimber &. Farouq Ali, 1989 & 1993; 
Tsang and C. Doughty, 1985).
Also the laboratory experiments can be designed to include a selected limited 
number of recovery processes and the simulation model can be validated in steps against one 
or a selected number of processes, before the final validation of all the reservoir processes 
involved. Comparative studies of actual experimental data and simulation results will validate 
specific processes in steps such as oil/water coning, water-flood core tests validating relative 
permeability data, geothermal, steam flooding processes. Validation of steam displacement 
processes and ISC simulation is the final step validating all these displacement mechanisms 
downstream a combustion front in ISC processes.
Numerical Simulation models can be used to design experiments and vice 
versa; numerical simulation models also can be validated against experimental data. The 
simulation can be used to analyze the pre-planned experiment and to reduce the required
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number of experiments. Experiments with a physical model are time-consuming, while a 
numerical simulator can provide results in limited short time. Hence, a significant number of 
sensitivities can be studied with the numerical simulators in shorter time. However, laboratory 
experiments cannot be completely dispensed for several reasons. The numerical simulation 
models need data to be validated that can be acquired only experimentally. (T.M. Doscher & F. 
Ghassemi, 1984; A.K.Ambastha & H.J.Ramey Jr., 1989; Gumrah & J. Bruining, 1992; 
AS.Emanuel, 1993)
Along with the development of new numerical techniques, experimental 
studies should continue to provide data and correlations for the prediction of fluid and rock 
properties. These data include relative permeabilities, chemical kinetics, adsorption of 
chemicals on rocks, etc. (F.H. Brinkman, and J.N. Sicking, 1960; Keith H. Coats, 1979; G.A. 
Huffman et al., 1983; A.T. Turta, 1986; Neveux et al., 1988; P.C. Nair & D. J.Wendel, 1988; 
Tortike & Farouq Ali, 1989; M. T.S. Ong, R.M. Butler, 1990; M. Greaves & Al-Shamali, 1993)
3.21 Scaling Thermal IOR Laboratory Experiments.
Validation of numerical models against laboratory experiments is essential for 
further development and improvement of reservoir simulators. Physical models for thermal IOR 
processes require more intricate scaling criteria. Experiments provide field predictions from 
experimental results by up-scaling. Scaled thermal IOR models are also used to validate 
numerical models as the relative influence of many of the mechanisms is similar to that 
expected in the field. (Tsang & C. Doughty, 1985; DM. Matjerrison & M.R. Fassihi, 1992; 
Kimber& S.M. Farouq Ali, 1989,1991 & 1993; T.N. Nasr& G.E. Pierce, 1993).
Various thermal IOR experiment scaling techniques have been used in the 
past. (R.G. Tzanco et al., 1991, Brusilovsky & A.F. Zazovsky, 1991) A.K. Ambastha and M. 
Kumar in 1999 used in field scale the same reservoir fluid characterization and the chemical 
reaction characterization as in the history match of laboratory combustion tube experiments. 
Two general classes of scaled thermal IOR models have been evolved:
1. High Pressure and temperature physical models
2. Atmospheric pressure and lower temperature physical models.
3.22 Thermal IOR Pilot Tests.
Pilot tests provide data at the field scale eliminating uncertainties associated 
with up-scaling. Numerical reservoir simulators are no substitute for field pilots. Pilot test data,
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if available, can be used for the initialization of validated numerical reservoir simulation models. 
Numerical simulation models have several advantages over field pilots. It takes a long time, 
months or even years, before the pilot results can be evaluated. The cost of pilot tests is 
enormous. Reservoir simulation improves understanding of the particular process mechanisms 
in short time and at low cost.
Simulation is indispensable for pilot test planning and interpretation. Its most 
important use is in the design, implementation, and optimization of full field-scale projects. 
History match of the pilot test data improves the field data base and the reliability of the 
prediction runs, while it provides an appraisal of the used up-scaling methodology. A full field 
3D simulation model is then initialized with the matched data and a more reliable full field 
model is available for prediction runs.
3.23 Validation of Thermal IOR Numerical Models against Field Data.
A proper validation of a numerical reservoir simulator requires not only 
validation against analytical or semi-analytical solutions and laboratory experiments, but also 
pilot and field scale validation studies. The numerical simulation model must be validated 
against field data to check that the up-scaled processes in the mathematical model used 
properly representing the physical and chemical processes involved.
The validation of the numerical simulator may proceed in several stages, 
including history matching of pilot tests. Discrepancies between the calculated values and 
observed field data give insight into possible processes not included in the numerical model, 
and provide direction for future work on model development. An important part in 
mathematical model developments is to prove that the model describes all the phenomena 
involved in the real world situation, the field scale. The numerical models are valid only when 
all the pertinent mechanisms are accounted for.
Numerical reservoir simulators are capable of evaluating a wide variety of 
reservoir environments including thermal EOR processes. Once the experimental environment 
is known, uncertainties regarding reservoir heterogeneities are avoided reducing the 
complexity of the validation. Numerical simulation of scaled laboratory experiments, pilot tests 
and field performance data provide validation of the numerical models from the laboratory to 
the field scale.
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3.24 History Matching Techniques in Simulating Thermal IOR 
Processes.
History matching is usually done by manual data adjustment through a trial-and-error 
procedure. In history matching, the modified parameters, or sensitivity history match 
parameters are the parameters of high uncertainty. Most history matching studies have relied 
heavily upon adjustments to relative permeability, end points and the relative permeability 
curves to obtain agreement between calculated and observed production data. However, high 
uncertainty of the water-oil and gas-oil relative permeability curves exists.
Parameters known to substantially affect thermal recovery predictions are oil and 
water viscosity as functions of the temperature and provide another history match technique 
appropriate for thermal IOR processes. (A.N. Ying, E L  Dougherty & S. W. Wang, 1990; K.O. 
Adegbesan, 1991; T.C.Boberg, M.B.Rotter& S.D.Stark, 1992). The history match techniques 
consist of modifying the oil and water viscosity functions of temperature in a manner consistent 
with the experimental observations. Reservoir peak temperatures and temperature profiles are 
the main history match parameter in thermal EOR processes.
3.25 Monitoring of Thermal IOR Pilots by Seismic Techniques.
Effective management of IOR processes requires detailed reservoir 
characterization and field observations of the reservoir volume being swept by the process. 
Seismic reflection data have been used to monitor the progress of in-situ combustion pilots 
and to map the extent and directions of propagation in time. (Tosaya & Vo-Thanh, Dung, 1987 
;C.S. Burns etal. 1993)
The objectives of the seismic monitoring programmes are to:
1. Determine the direction of burn front propagation
2. Determine the volume of reservoir swept by combustion processes
3. Provide data for 3D history match of pilot tests or field projects using validated non- 
isothermal simulators
The monitoring technique is based on bright spots caused by increased gas 
saturation at the combustion front and further up and down-stream, which may be validated 
with post-bum core data measurements. The bright spots show good correlation with burn 
volume in distribution and direction. Also evidence from post-burn logs supports the 
conclusion that the burn substantially decreased seismic velocity and increased seismic 
attenuation in the reservoir.
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3.26 RESERVOIR AND PVT CHARACTERIZATION IN IOR RESERVOIR 
STUDIES.
3.26.1 PVT Requirements in Thermal IOR Numerical Simulation.
Compositional modelling is needed for accurate characterization of the 
reservoir fluid properties in thermal IOR processes. In a compositional model the reservoir 
fluids are characterized with components and pseudo-components as multi-component 
mixtures. Two hydrocarbon pseudo-components are typically chosen in heavy petroleum 
simulation studies. Six (6) to ten (10) pseudo-components are required in medium and light 
petroleum studies. (K.H. Coats & G.T. Smart, 1986; Firozabadi, 1988; Neveux, Sakthikumar & 
Norlay, 1988; Lolley and Richardson 1998)
3.26.2 Compositional Models.
The usual approach is to solve a set of equations of state (EOS) for each 
component assuming thermodynamic equilibrium throughout each block, which is a very time 
consuming procedure even on the most powerful computer and therefore usually restricted to 
a limited number of pseudo-components in a procedure called pseudoization. A number of 
pseudo components are chosen for characterization of light and heavy oils. In a compositional 
simulation, most of the computation time is dedicated in EOS calculations. At each simulation 
time step, a flash calculation is performed in every grid block to determine the saturations, 
compositions and properties of the hydrocarbon phases. (M.R.Todd, P.M. OVell & G.J. 
Hirasaki, 1971; C.H. Whitson, & S.B. Torp, 1983; Wallis, 1993)
Most compositional modelling is based on the IMPES (Implicit pressure, 
explicit saturation) solution method. However, lately with the considerably higher computer 
running speed, fully implicit compositional models have been developed to provide the 
numerical stability that is needed in complicated models such as the models simulating thermal 
IOR processes.
The Kj pseudo-compositional PVT approach is based on correlations or EOS 
calculations for the equilibrium constants and then a simple equation of state is used to find the 
compressibility factors. A reliable correlation for equilibrium constants has been introduced by 
Hoffmann et al. 1953, which is based on the characterization constants of each component. 
This method is very fast and can be extended to large numbers of components. (F.H. 
Brinkman & J.N. Sicking, 1960; P.C.Nair& D.J. Wendel, 1988)
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To calculate the split of a mixture of hydrocarbons and contaminant non­
hydrocarbon gases, such as CO2 and H2 S, into liquid and gas, it is necessary to find the 
equilibrium constant and the compressibility factor of each component at the ambient 
temperature and pressure and finally as functions of temperature and pressure.
The cost of compositional simulation is sensitive to the number of pseudo­
components and to the solution method used (i.e. IMPES or fully implicit). It is expected that 
the running time of a compositional model would be between two to five times as long as the 
corresponding black oil simulator. To justify the use of a compositional simulator, it is 
important that the EOS gives an accurate characterization of the reservoir fluid properties over 
the full range of the expected PVT conditions. This requires an extensive fluid sampling 
programme and laboratory measurements. Non-standard PVT experiments such as those 
reflecting liquid vaporization and property variations due to pyrolysis/cracking may be needed 
for the simulation of thermal IOR processes. (D.Y. Kuan eta!., 1986; R.G. Moore e ta l, 1992)
3 .26 .3  The Equation o f S ta te (EOS).
The phase equilibrium calculations in compositional simulators are based on 
cubic equations of state. The four EOS that are the most widely used for calculating 
hydrocarbon PVT properties are:
1 . The Soave and Zudkevitch-Joffe equation
2. The Redlich-Kwong equation
3. The Peng-Robinson equation (PR)
4. The Schmidt-Wenzel equation (SW)
Although all four EOS predict very similar K-values, they fail to predict sharp 
changes in the critical and retrograde regions. Miscible oil displacement and especially 
displacement by critical or super-critical water demand reasonable accuracy in the critical 
region. Otherwise, except from these two regions the EOS equations are relatively accurate. 
As for density predictions, the results vary between the equations with Schmidt-Wenzel and 
Zudkevitch-Joffe equations being the most accurate. (Keith H. Coats 1979; K.H. Coats & G.T. 
Smart; 1986)
Because of the limited accuracy of the EOS in the critical and retrograde 
regions, the equation should be tuned by adjusting parameters to match the PVT laboratory 
data of the reservoir fluids.
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3.26.4 Pseudoisation.
The EOS model in a compositional simulator will normally be limited to a 
maximum of about 15 to 20 components on the ground of costs, because of a dramatic 
increase of the compositional simulator computational time with the number of the 
components. In complicated models simulating thermal IOR processes the maximum number 
of the hydrocarbon pseudo-components can be as low as five (5) to ten (10). Thus, the 
components of the reservoir fluid are grouped into a number of 'pseudo-components’, each of 
which will represent components with similar properties. Published complete compositions 
have been evaluated and apparently there is usually an exponential decline in component 
mol% of the highest components. Satisfactory splitting rules have been devised to yield the 
correct pseudo component molecular weight. (James Amyx, D M  Bass, R.L. Whiting 1960; 
Neveux, Sakthikumar & Norlay, 1988; T.M.J. Newley&R.C. Merrill Jr., 1991)
There are no strict rules for grouping the components in to pseudo­
components, but a typical grouping is as follows: Ci, C2 to C5 , C6 to C-|o> C-j 1 to C2 0 , C2 1+, 
as used in Table 2.1 summarizing chemical reaction characterization and stoichiometry. Non­
hydrocarbon gases, such as O2 , N2 , CO2  and H2S, are required as separate components for 
the characterization of the injection gas, air, and the combustion gases as non-hydrocarbon 
gases in the gas phase and dissolved in the liquid petroleum phase. The vaporization and re­
vaporization mechanisms in light petroleum thermal IOR and gas-condensate processes 
require at least three 0 7 + pseudo-components for accurate modelling. (K. Hutchence & N.
Freitag, 1991)
The EOS model parameters are adjusted to match the experimental PVT data 
(e.g. constant volume depletion and constant composition expansion) using non-linear 
regression analysis as detailed by Coats etal. in 1986. Although algorithms have been 
developed to perform this regression automatically, the whole process is rarely straightforward 
and requires subjective judgment in choosing which parameters should be adjusted and 
deciding on criteria for an acceptable match.
Compositional modelling is vital for accurate simulation of thermal IOR and 
gas-condensate processes. (Norton A. Myhill, 1980) The simplified treatment of the basic 
black oil model provides poor simulation of phenomena, such as liquid vaporization, 
condensation and re-vaporization, which is one of the main recovery mechanisms in these 
processes. For reservoir fluids near the critical point, as for example in hydrocarbon
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displacement by super-critical water, it would be necessary to use compositional simulation 
whatever the recovery process.
3.26.5 Algebraic Constraints and Phase Equilibrium Ratios.
Along with the differential equations of a reservoir simulator presented in 3.21,3.31 and the 
appendices, certain auxiliary relations must be provided to complete the description of the 
mathematical model.
Saturation Constraint:
S s +  S o  +  S w = 1 (3.33)
Aqueous Phase Mole Fraction Constraint:
S Wj =  1 (3.34)
Petroleum Phase Mole Fraction Constraint:
E X k = 1  (3.35)
Gas Mole Fraction Constraint:
S yn = 1 (3.36)
where:
J = Number of pseudo-components in the aqueous phase 
k = Number of pseudo-components in the petroleum phase 
n = Number of pseudo-components in the gas phase 
Capillary Pressure Relations:
Pego = Pg “  Po (3.37)
Pcow = Po ”  Pw (3.38)
3.26.6 Equilibrium Ratio. Ki. Correlations.
There are varieties of empirical correlations estimating the EOS parameters. 
These empirical equilibrium ratio correlations are:
1. Wilson’s Correlation
2 . Standing’s Correlation
Often empirical correlations of equilibrium ratios for the plus-fraction have
been proposed:




The equilibrium ratio Kj of a given component is defined as the ratio of the
component mole fraction in the gas phase, yj, to the fraction of the component in the liquid 
phase, xj, and it is given mathematically by the equation:
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Kj = yj /xj (3.39)
If a mixture is reported with pseudo-components, it will be split into individual 
pseudo-components following splitting rules according to the pseudo-component Kj values.
3.26.6.1 Phase Equilibrium Ratios:
Pseudo-components in the aqueous phase:
Yw “  K a  W w ( 3 . 4 0 )
Y c 02  =  K :0 2 .a  ^ 0 0 2  ( 3 . 4 1 )
Y h2S =  K /.a  ^H 2S  ( 3 . 4 2 )
For a hydrocarbon pseudo component h, and other components soluble in the 
petroleum phase the equations are:
Y h =  k r ,o X h  ( 3 . 4 3 )
Y c o 2 — K :0 2 .o ^C 0 2  ( 3 . 4 4 )
Y h2S — ^ . o  ^H2S ( 3 . 4 5 )
3.26.6.2 Equilibrium K-values:
The following options can be followed:
1. Calculate separator performance for up to three stages.
2. Take the mixture through a differential flashing.
3. Compute the saturation pressure or temperature.
4. Calculate the phase split at any pressure and temperature.
5. Calculate equilibrium constants.
6. Compute a phase diagramme.
The equilibrium k values can be calculated by the following equation.
1 T -  A K  1 c K  1 s w /0.c,
K  1 =  (  ) ---------------------  3.46
P g  B K  i  J S w + e
where e is a small number of order 10“4 These expressions are the same as these used by 
Crookston et al. 1979.
3.26.6.3 Wilson's Correlation:
A simplified thermodynamic expression for estimating k-values was proposed by 
Wilson as follows:
k; = (Pc,/P) EXP(5.37(l+c0j)(l-(Tcl/T) (3.47)
where:
Pc, = Critical Pressure of the pseudo-component, psla 
Tc, = Critical Temperature of the pseudo-component, or
Wilson’s correlation is accurate at low pressure and generates reasonable equilibrium 
ratios at higher pressure. K-values calculated by the Wilson’s correlation were compared with
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k-values calculated from the Peng-Robinson (PR) equation of state (EOS). Reasonable 
agreement between the two calculated values justifies the k-values calculated using the 
Wilson’s correlation. Hence, k-values for simulation studies were calculated using the 
Wilson's correlation to minimize the calculation effort.
3.26.6.4 Standing's Correlation:
The equilibrium constants of hydrocarbon mixtures are usually reported as the 
logarithm of Kj and are plotted against the logarithm of pressure for one particular temperature.
These suites of curves all converge at the point where Kj equals 1, at the convergence
pressure of the system. Many correlations are based on this plot and are often quite 
complicated especially since a convergence pressure characteristic for the mixture has to be 
found.
Hoffmann et al. 1953 introduced another way of plotting equilibrium constants, 
where the logarithm of the product P with Kj is plotted against a characterization factor - Fj of
each component. The points for constant pressure fall on straight lines all going through a
common point at a 'pseudo' convergence pressure
Fj = bj (1/Tbj - 1/T) (3.48)
With bj =[log(Pc)-log (14 .7 )]/(1 /Tbj-1 /T c) (3.49)
The straight lines are expressed by
P Kj = Pk exp[Sp (Fj-Fk)] (3.50)
The value of F|< could be found from the slope of the line at atmospheric
pressure - Spa and that this line also goes through the point (0,14.7)
Fk = [log(Pk)-lo g (1 4 .7 )]/S pa (3.51)
Correlations for Spa and Sp can be found from plots of the many published
equilibrium constants for hydrocarbon systems. Once the equilibrium factors of the pseudo­
component mixtures at a certain pressure and temperature for flash-vaporization can be 
calculated, the split of each pseudo-component into the liquid and vapour can be calculated. If 
1 mole of feed splits into V moles of vapour and L moles of liquid the following equations
describe the split
Kj = yj / Xj (3.52)
L + V = 1 (3.53)
and Zj = Xj L + yi V (3.54)
which can be combined to yield
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yj =  Zj /  (L /K j +  V) (3.55)
an d  Xj = yj /  Kj (3.56)
Since the sum of all yj’s and xj’s have to be equal to 1, a value for V and L can
be found following an iterative procedure and the composition of both liquid and vapour can be 
computed.
A compressibility factor can be found for each pseudo-component in the gas 
phase following the method equation of state devised by Hall and Yarborough 1974. Once the 
split is known vapour and liquid properties are easily calculated.
K-values calculated by the Standing’s correlation were compared with k-values calculated 
Peng-Robinson (PR) equation of state (EOS). Reasonable agreement between the two 
calculated values justifies the k-values calculated using the Standing’s correlation. Hence, in a 
number of cases, k-values for simulation studies could be calculated using the Standing’s 





3.26.6.5 Oil Viscosity 
where
3.26.6.6 Water Viscosity
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Relative Perm eabilities:
Relative permeability in immiscible displacement can be considered as function of saturation 
and temperature. At any given position in the reservoir, relative permeabilities are taken to be 
function of saturation alone and not of temperature due to lack of data, 
if
S g > S g c (3.66)
K  „  =  K  . . . . ( - ----------------~  5 V -------) Z  8 (3.67)
1 — O w e  — O o r w
otherwise
K rg =  0  (3.68)
K  r o  =  K  r o c w [  (  ^  " - +  K  rW) ( - ^ ~ 0g - +  K  r g)  ~  K  rg ~  K  r w ]
A  r oc w A  r ocw
(3.69)
where
1 — S  g — S w c — S o r g  Z  g o
K  r o g  =  K   ------------    )  (3.70)
1 —  tJ g c —  O w e  —  iJ  o r g
and
1 —  S w —  S o r  w Z  o w
K row =  K r o c t -   --------------   ) (3.71)
1 — O w e  — O o r w
These three phase relative permeabilities relationships are the same as those used in 
Crookston eta!., 1979, Oklany 1992, and Vaughn 1986.
Miscible relative permeability curves for the characterization of miscible displacement of 
petroleum by miscible gas or super critical water become straight lines with the same end 
points for immiscible displacement. Most of the displacement mechanisms in ISC are miscible 
or nearly miscible and the appropriate miscible/immiscble relative permeability curves can be 
chosen by history matching in non-iso-thermal simulation of ISC processes.
C apillary Pressures:
P cg o =  C P G i S g +  C P G 2 (3.72)
P cow =  C P W  1 S w +  C P W 2 (3.73)
M olecular W eights:
Mg = Z1nyi Mi (3.74)
M0 = s /  Xj Mi (3.75)
Mw = Z!j Wj M, (3.76)
Enthalpies and Internal Energies:
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h g =  J C  Pgd  T  (3.77)
T r e f
w h e re
Cpg = £  gej Yj (3.78)
Oil Enthalpy
h  g — h  oi l  h  ovap (3.79)
where
T
l f t  O o i l  —  ^  C  p  O o i i d  T ^  Q Q )
T ref
and
C p g  =  G  E  2 X  2 +  G  E  3 X  3 (3.81)
a ls o
if Tco ^ 1"
h ovap = O E V 1 ( T c o -  T ) 0 ' 3 8 (3.82)
o th e rw is e
h O v a p —  0
and
Tco = 21 Tcj Xj (3.83)
Water Enthalpy
f t  w =  h  w gas — f t  W Map (3.84)
and
h „ . . ,  = j  G E id T (3-85>
T r . f
and
if T e w  — T
h w y a p  =  W E  V  1 ( T  c „  -  r  ) 0 3 8 (3.86)
o th e rw is e  if  T  >  Tew
h o v a p =  0  (3.86b)
o th e rw is e
Gas Internal Energy
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u  , = h , -  —— —p *
Oil Internal Energy




U  w =  h w  —
p  w
Coke Internal Energy
U  c =  C  I E  ( T  -  T  r e f )
Rock Internal Energy
U  r =  R I E  ( T  -  T  r e f )
3.27 Reservoir Characterization in Thermal IOR Simulation.
The accuracy of any predictive technique is limited directly by the accuracy 
with which the reservoir can be characterized. (Norton A. Myhill, 1980) The successful 
application of thermal IOR processes and especially of in-situ combustion depends upon 
advanced reservoir characterization.
The simplest reservoir characterization is a homogeneous reservoir with 
uniform properties throughout. Characterization of reservoir heterogeneity is important in 
reservoir engineering due to its influence has on fluid displacement mechanisms. An advanced 
reservoir characterization is significant for accurate reservoir simulation.
Hydrocarbon reservoirs are usually heterogeneous due to their geological 
history, which consists of complex sedimentary and diagenetic processes. Heterogeneity is 
primarily related to geological processes involved in the reservoir rock formation as for 
example the depositional conditions during sedimentation as well as post depositional 
activities, e.g. diagenetic factors including both physical diagenetic processes such as 
fracturing and chemical diagenetic processes like rock cementation. (R.A. Tang, Behrens &
A.S. Emanuel, 1991; C.B. Damsleth, T.H. Omre & H.H. Haldorsen, 1992). The most 
important and significant reservoir characteristic is permeability and the magnitude of its 
variation that are dependent on the depositional conditions of diagenesis.
Designing an IOR project requires a reservoir characterization that can be 
used in a mathematical model to predict IOR project performance. The role of reservoir 
characterization is extremely important in IOR and especially in thermal IOR processes. 
Implementation of IOR requires advanced reservoir data acquisition schemes particularly on
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permeability and the reservoir flow paths. (KJ.Tyler, Tarald Svanes & Adolfo Henriquez, 1992; 
J.R.Waggoner, J.LCastillo & L.W±ake, 1992) Before a field scale IOR project, a realistic 
reservoir characterization is critical for understanding the IOR processes. Thermal IOR 
processes rely on the injection of a gas phase such as air in in-situ combustion and steam in 
steam-flooding and therefore the proper characterization of parameters such as vertical 
permeability increases in importance due to the gravity segregation phenomena.
3.27.1 S tochas tic  R eservo ir Engineering.
The reservoir parameters are deterministic in nature, but our knowledge of the 
reservoir is limited. The reservoir parameters are known at the well locations and interpolation 
between wells or even extrapolation far away from well areas is necessary. Also contouring 
and mapping of zones, facies and reservoir properties is based on well control and 
interpolation. The reservoir parameters can be generated stochastically. The deterministic 
part of the model such as reservoir geometry, zones and facies observed in the wells, faults 
and any fixed geological information that will be present in all realizations, is generated first 
and then the remaining reservoir volume is filled stochastically. (Lucia & Fogg, 1990; 
Kompanik, e ta l, 1993)
The prediction of the hydrocarbon reservoir volume is based on general 
geological knowledge, seismic data and well data limited around the well locations. The 
reservoir geometry, such as gross volume and fluid contacts, is usually considered 
deterministic. The deterministic parameters have perfectly known values. Otherwise, a 
number of realizations are estimated and the reservoir hydrocarbon volume is estimated as a 
single value for each realization. (L.Holden, J.Hoiberg & O.Lia, 1990)
A stratigraphic unit can be deterministic, while porosity and permeability can 
be completed in a random or stochastic way. A stochastic parameter is probabilistic in nature 
and its values vary in space randomly. Stochastic parameters exhibit non-systematic 
variability. Spatial reservoir parameter variations are caused by uncontrollable factors in 
processes such as sediment transport, deposition, burial compaction and cementation, which 
may change in successive phases. Stochastic reservoir models are studied with the geometry 
and the hydrocarbon pore volume of chosen realizations and recoverable reserves are 
evaluated as a statistical distribution of reserves. Modelling of stochastic faults can predict the 
reservoir dynamic performance and may improve the estimates of the recoverable reserves.
3 .27 .2  R eservo ir D ata Scales.
Reservoir formation data can be classified as
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Microscopic data variations are due to the granular structure of the rocks. 
Microscopic scale involves only few pores, and the properties are determined by pore and 
grain sizes. Data acquisition sources for microscopic data are thin sections and microscopic 
rock examination.
Macroscopic data are based on many pores of different shapes and 
diameters. Macroscopic data can include vugs, fissures and dispersed clays. Data acquisition 
sources for macroscopic data are cores and shallow investigation well-logs.
The simulation grid blocks are frequently megascopic. The volume over which 
the megascopic parameters are averaged is of such a magnitude that gross reservoir textual 
changes such as sand and shales both occur within the averaging volume. Megascopic data 
sources are well tests, deep investigation well-logs and tracer tests. Gigascopic is the scale of 
the whole reservoir. Therefore, the gigascopic parameters are the reservoir formation 
averages.
These definitions can sometimes be meaningless as they are based on scale 
of data collection rather than geological understanding. Data from one scale cannot be used 
in another, unless the reservoir is homogeneous. Specific up-scaling techniques for converting 
data of one scale to another are necessary and have been developed.
3 .27 .3  M odels fo r G enerating D ata be tw een the Wells.
Preliminary estimates based on well data, provide meaningful statistics about 
the parameter variations and about the existence of relationships or correlations between 
parameters. The existence of a relationship or correlation between parameters and trends in 
heterogeneity is measured in the wells. Continuity of zones between wells is investigated.
Models used for generating data between the wells depend upon the 
existence of continuous strata. Three models are popular for generating data points between 
the wells:
1. The reservoir model is assumed stratified and correctable. Applicable methodology may 
include kriging interpolation.
2. The models of the reservoir are assumed random and properties are generated by sampling 
empirical distributions for the parameters.
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3. The reservoir model is assumed stratified and un-correlatable. The methodology applicable 
may include Markov stochastic models combined, if necessary, with stochastic dual lithology.
3 .27.4  Shales in  R eservo ir Description.
The presence of shales in the hydrocarbon reservoirs is a rule rather than the 
exception. Shales within the sand deviate the streamlines from straight lines, thus introducing 
more mechanical mixing as streamlines arrive at different times at a well observation point. 
(Tang, Behrens & Emanuel, 1991; Abrahamsen, Egeland & Gmre, 1992; W.H. Somerton & 
C.J. Radke, 1980; E.T. Samuelsen e ta l, 1994). In gas cusping and water coning studies, the 
shales are of fundamental importance since vertical flow is the main phenomenon studied. 
Viscous capillary or dispersive crossflow is commonly encountered in the field and due to the 
scattered nature of shales, such cross-flow may be increased, reduced or eliminated. Shale 
thicknesses within the gross reservoir column will vary considerably. For each column in the 
cross-section, a sand and shale sequence can be generated based on random number 
generation technique simulating the cumulative frequency.
3 .27 .5  Kriging.
Kriging is a technique of interpolation, which is based on a stochastic 
approach. The best linear unbiased estimator of the parameters is evaluated. Kriging is 
designed to honour measured data and produce spatially correlated heterogeneity. (M.E. 
Hohn, 1988) The basis of the technique is a two point statistical function called a 
variogramme, that describes the increasing difference for decreasing correlation between 
sample values as separation between them increases. A variogramme is constructed from 
pairs of data generally measured in wells. Kriging minimizes the error between interpolated 
value and the actual, value of the reservoir properties, such as porosity and permeability. 
Kriging can also be used to produce property estimates for missing core sections in the wells.
Kriging in oil reservoirs suffers from low data density, compared to mining 
where it was originally developed. This variogramme problem can be overcome by measuring 
outcrop data and by higher volume of data in mature fields. If well spacing is dense, it is 
possible to generate variogramme for the hydraulic units. Large reservoirs, with well spacing 
miles apart may not be suitable for kriging.
3.27 .6  K rig ing o f R eservo ir Perm eability.
Permeability variation is one of the most important aspects of reservoir 
heterogeneity that has direct impact on IOR projects. Permeability values cannot be measured 
at the scale of the grid blocks of a numerical reservoir simulator for the whole reservoir and
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permeability kriging is required. ( Joe Vogt, 1993; Ouenes, Meunier, Pelce & Lhote, 1992; 
Giudicelli, MassonnatandAlabert, 1992; W.H. Somerton & C.J. Radke, 1980; E.T. Samuelsen, 
V.N. Langlais, T. Svanes, V. Dalen & KJ.Tyler, 1994)
Flow is realized in porous rocks, if the media are permeable. It is, therefore, 
reasonable to use flow equations to validate the application of kriging methods in estimating 
permeability values. The basic assumption is that the average permeability of the estimated 
model will be within the acceptable, predefined tolerance of an original value and then the fluid 
flow estimate based on kriging will be acceptable and can be validated with well test data.
3 .2 7 .7  G eosta tis tica l A pp lica tions to R eservo ir S im ulation.
3.27.7.1 S tochastic R eservo ir S im ulation Applica tions.
The steps involved in stochastic reservoir modelling may include:
1. Stochastic simulation for generating sand bodies in stratigraphic sections.
2. Evaluation of sand body continuity, interconnection and description of the distribution of 
rock physical properties in the connected zones
3. Homogenization.
4. Reservoir flow simulation
In stochastic reservoir modelling, a number of reservoir realizations are 
generated. A stochastic modelling approach may be used to calculate the statistical distribution 
of hydrocarbons in-place as well as geological features that affect fluid flow such as faults, 
shale continuity, aquifer size, etc.
The reservoir is segmented into different building blocks or facies and a set of 
petrophysical parameter values is assigned to each one. Several realizations of the distribution 
of petrophysical parameters, such as porosity, absolute permeability and initial saturation, 
throughout the reservoir can be generated, based on a geostatistical simulation procedure.
For each of the n different realizations, and the m facies different realizations 
of the horizontal and vertical absolute premeabilities can be generated. Thus a total number of 
n*m realizations describe of the reservoir variability. The reservoir flow simulation is 
deterministic for each realization by simulating as sensitivities the total number of the n*m 
realizations.
3 .27 .7 .2  Hom ogenization.
The petrophysical and mapping grid may contain more than a million grid 
cells. This, unfortunately, at present, exceeds the handling capacity of the existing 3D 
reservoir flow simulators. Thus for reservoir flow simulation, the fine geological grid must be
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scaled up to a coarser grid that has equivalent flow properties. The coarse 3D flow simulation 
grids for a field may include around 15,000 to 300,000 grid blocks. For thermal IOR non-iso- 
thermal reservoir simulation even lower grid block numbers have to be chosen. Most 
petrophysical parameters can be up-scaled by simple arithmetic averaging. The exception is 
absolute permeability, which require more refined techniques.
Production predictions from reservoir flow simulators are usually optimistic, 
when smoothing methods are applied to grid permeability, because smoothing methods make 
the reservoir appear overly homogeneous. Production predictions are more realistic when 
conditional simulation is used to make the permeability grid.
3.27.7 .3  R eservo ir F low  S im ulation.
Standard black-oil or compositional commercial flow simulators can be used to 
flow simulate the various 3D reservoir realizations provided by the stochastic techniques. 
Stochastic modelling provides the data base for reservoir flow simulation. The total number of 
the reservoir realizations must be constrained, otherwise the simulation studies will become 
impractical, because of the number of the simulation runs and computational effort becomes 
excessive.
Capillary pressures, relative permeabilities and their end points must be also 
defined for the initialization of the reservoir flow model. These parameters have to be provided 
for a number of reservoir regions defined according to the geological model.
3.27.7 .4  H is to ry  M atch ing  a n d  R eservo ir F low  S im ulation P red iction Runs  - 
Single W ell R ad ia l a n d  3D  M odels
History matching procedures can be applied to data types other than 
production data, such as well test data or any combination of data. Well test analysis provides 
confirmation for reservoir characterization in the investigated drainage area and moreover 
discontinuities and heterogeneity. Well test data matching in single well radial or 3D models 
could be extremely useful for proper reservoir characterization and reduction of the 
stochastically generated realization by history matching.
Well test data provide permeability estimates corresponding to the well test 
radius of investigation that is above the megascopic scale of the numerical simulation grid 
block and below the gigascopic scale of the whole reservoir. Permeability core data of the 
macroscopic scale and geo-statistically derived permeabilities could be matched with well test 
permeabilities using well test history matching preferably in single well radial models.
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Simulation annealing techniques could be used in conjunction with geo­
statistics to make history matches. (Arild Selvig, Torbjorn Fristad, J.K.Silseth & Rune Madsen, 
1992) The simulation annealing technique guesses characterization modifications on a grid 
block by grid block basis. A modification is accepted if it moves a calculated result closer to an 
actual result and it is rejected if the opposite occurs. In this way, grid block by grid block 
modifications are continued and the reservoir characterization converges to the actual 
characterization, until whatever is matched is within acceptable limits. The simulation 
annealing technique is computer time intensive and it may not be practical for large thermal 
IOR reservoir processes.
A reservoir flow simulation base case could be defined from the realization 
runs. Sensitivity prediction runs of the reservoir flow simulation model are required for each 
reservoir realization. Probabilities can be assigned to the various reservoir realizations and 
statistical distributions of output parameters like for example the expected ultimate cumulative 
oil production can be evaluated. The Monte Carlo sampling method is also often applied, but it 
is impractical because of the excessive number of simulation runs required. (C.S. Burns, D. 
Cooper, L  den Boer, P. Doyen, T. Smart, 1993)
3.28 Conclusions
Thin flame and combustion front tracking simulation capabilities are required 
in thermal EOR processes. Lack of this kind of simulation capability can be compensated by 
increasing the number of grid blocks especially in regions, which are expected to be swept by 
the combustion front. However, hardware platform and CPU time constraints do not allow grid 
block numbers to be extensively increased.
Compositional reservoir simulation is required for thermal IOR processes, 
because of the extensive mass transfer between the gas, the liquid hydrocarbon and the 
aqueous phases. Also, stochastic reservoir characterization is necessary in field scale 
reservoir simulation of thermal IOR processes. The currently available reservoir simulation 
models also cannot handle adequately situations such as:
1. Injection of chemicals along with steam
2. Injection of chemicals along with in-situ combustion, as for example in-situ combustion 
combined with caustic-flooding
3. Swelling of clays and the related reduction in permeability
4. Crystallization and solution of soluble salts in aquifer waters.
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5. Asphaltenes precipitation and their impact on recovery processes.
6. The rock catalytic effect in ISC processes.
3.29 Numerical Modelling of In-Situ Combustion Processes.
The most commonly used reservoir simulators in the petroleum industry are 
based on finite difference methods to approximate the partial differential equations that 
describe fluid flow in porous media, using usually a five point difference scheme. Since the 
pressure and the saturations are solved implicitly and stable solutions require restricted time 
step sizes. Such models can be CPU-consuming when simulating large grid block systems. 
Unwanted grid effects can also occur. Hence, such simulators have their limitations when 
modelling irregular reservoir geometries. In addition, numerical dispersion can be the 
dominating effect when using large grid block dimensions. Numerical dispersion creates a 
need for finer grid block systems to obtain reliable solutions. Some of these problems can be 
solved by alternative methods. (A.R., Bahadlr, 1994; and F.W. Cole, 1981; R.B. Crookston, 
1979; M. Eggenschwiler& S.M., FarouqAli, 1977; J.W. Grabowski, P.K. Vinsome, R.C. Lin, A. 
Behie & B. Rubin, 1979; J. S. F.A. Oklany, 1992)
A three-dimensional compositional model simulating in-situ combustion oil 
recovery process accounts for the flow of gas, oil and water as well as the formation of a solid 
coke. Water, a number of hydrocarbon pseudo-components, oxygen, N2, as inert gas, CO2 
and CO, gases produced as combustion products, and coke are usually model components in 
compositional or pseudo-compositional approach. Chemical reactions are accounted for coke 
formation from the heavy hydrocarbon components, cracking, oxidation of coke and the 
hydrocarbon components. Heat transfer is usually handled by convection and conduction 
within the reservoir, conductive heat loss to adjacent strata as well as gravity and capillary 
pressure effects. Models are additionally capable of simulating the injection of heat from a 
band heater in combustion tube experiments. The set of the simulator equations is composed 
of mass conservation equations for each component or pseudo component, energy 
conservation equation, algebraic constraints, phase equilibrium relationships and reaction rate 
equations. Newton’s method is frequently employed as the solution technique. (H.R. Bailey, &
B.K. Larkin 1959)
Numerical modelling of in situ combustion (ISC) processes is of great value in 
understanding complex phenomena and recovery mechanisms involved in situ combustion
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processes. Because of the extreme complexity of the thermally driven transport phenomena in 
in-situ combustion, numerical simulation based on finite differences has emerged as primary 
prediction technique for pilot and field developments. Stimulated by the availability of high 
speed computers, powerful numerical models have been developed allowing 3-Dimensional 
simulation of fluid flow, heat transfer and compositional effects. (H.K. Van Poolen & Associates 
Inc. 1980; J. Burger, P. Souriieau & M. Combarnous, 1985; Calvin C.Mattax & Robert 
LDalton, 1990; Richard Davies, 1988)
Considerable progress has been achieved in the numerical modelling of ISC 
processes over the last fifteen years, especially regarding numerical solution methods and 
griding techniques. Although comprehensive numerical simulators have been developed, they 
still lack specific accuracy for describing a number of fundamental aspects of some processes 
involved.
The computing cost associated with modelling in-situ combustion is high 
because of much higher computing times per grid block per time step than an equivalent 
isothermal black-oil simulator. From a modelling stand-point, the main difficulties with thermal 
IOR processes are the complexity of the processes, compositional requirements, the thin flame 
extinction problem, front tracking requirements and computational stability. The mass and 
energy balance equations are strongly non-linear and closely coupled. Fluid movements 
strongly affect the thermal energy flow. This close coupling of fluid and energy flow means 
that the equations representing them must be solved simultaneously. (CMG 1997; Keith H, 
Coats, 1980; Barry Rubin & W.LIoyd Buchanan, 1983; Farouq Ali, 1984; Norton A. My hill, 
1980; Lewis, K. Morgan and P.M. Roberts, 1985; Jensen, M.P. Sharma, H.G. Harris, D.L 
Whitman, 1992; M.D.Sumnuet et al. 1994)
Distillation of the lighter components is important and multi-pseudo-component 
characterization of the reservoir oil is needed, making the ISC simulator model requirements 
non isothermal and compositional. The ISC energy balance equations are similar to these of 
steam flooding, with the addition of terms corresponding to reaction heats. Therefore, one 
generalized non isothermal model may simulate both thermal IOR processes, steam flooding 
and in-situ combustion (ISC).
A key factor in the numerical simulation of ISC processes is the 
characterization of the burning-zone effects. These effects can be represented in two different 
ways and therefore ISC models can be classified in two categories:
1. Reactant controlled models
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2. Kinetic controlled models.
A reactant-controlled model assumes that oxygen reacts instantaneously with 
oil upon contact. A reactant controlled model approximates the overall effects of the observed 
phenomena with a few measurable parameters. Oxygen is assumed to react instantaneously 
with petroleum on contact, and oxygen mass transfer to the combustion front is the process 
controlling slowest rate.
The kinetic controlled models use finite-difference methods to solve the set of 
conservation equations numerically. The division of the reservoir into cells or blocks is 
necessary. Each block is treated as a continuously stirred tank reactor (CSTR). Therefore, 
the reservoir is converted into a network of CSTR’S. Combustion kinetics and thermodynamic 
phase-equilibrium relationships are treated within a CSTR. These relationships include many 
parameters (i.e., activation energy, frequency factors, and reaction order) that are either 
unobservable or very difficult to determine through routine laboratory experiments. These 
parameters can be used as matching parameters in history matching. A major shortcoming of 
this approach is the high level of uncertainties associated with the values of the parameters.
Most of the commercial non-isothermal simulators are kinetically controlled 
models. A kinetically controlled model uses Arrhenius type reaction rate expressions for oil 
oxidation and other reactions. In a kinetic controlled model, the complex physicochemical 
phenomena observed in the zone are described with a set of elementary kinetic expressions.
In a kinetic controlled model, rates of oil cracking and oxidation and all other reactions that 
may considered can be defined by Arrhenius rate expressions. In this case, oxygen mass 
transfer process provides adequate oxygen quantities to the combustion front and the slowest 
chemical reaction step is the rate controlling step of the whole processes. The kinetic- 
controlled type of model can give results virtually identical to those of the reactant-controlled 
model, if the Arrhenius activation energy in the former is low enough to cause essentially 
instantaneous consumption of oxygen upon contact with hydrocarbons.
The kinetic controlled model is adequate for simulation of laboratory scale 
experiments and field scale studies. Crookston et al. in 1979 described a kinetic-controlled 
model with reactions accounting for light and heavy oil oxidation, heavy oil cracking and coke 
oxidation. Gary K. Youngren’s 1980 reactant-controlled model assumed instantaneous 
reaction of oxygen with oil in a single oxidation reaction. Keith H. Coats in 1980 described a 
kinetic-controlled model allowing any number of Arrhenius type oxidation and cracking 
reactions. Hwang et al. in 1982 described a reactant-controlled model with instantaneous
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oxidation, as in Youngren’s 1980 case, and introduced a novel moving-front capability to track 
the combustion flame front.
3.30 Front Tracking Requirements in Simulation of In-Situ Combustion 
Processes.
Front tracking is important for ISC processes, because a number of fronts are 
formed around the combustion fronts. Also, front tracking assists to solve the flame the flame 
extinction problem in ISC simulation. The fluid flow equations in porous media are the 
traditional equations of mass conservation and Darcy’s law, which by combination yield a set of 
coupled, non-linear partial differential equations. These equations are split into an equation for 
pressure and equations for saturation. A solution is found to the pressure equation, and then 
based on the established velocity field, the saturation equations can be solved by a front- 
tracking method to simulate saturation fronts in water flooding or combustion fronts with the 
associated temperature and saturation fronts in ISC processes.
The pressure solution is obtained with a finite element method, which is 
accurate with respect to a general grid architecture. The method for solving the saturation 
equations is based on an approximation of the fractional flow function by a piece wise linear 
function. Front tracking can be combined with the stream tube approach. The traditional 
stream tube simulators are based on methods that transfer the reservoir to a set of one­
dimensional problems (stream tubes), and the convective part of the saturation equation is 
solved for these one-dimensional stream tubes. The result is mapped back to the grid.
3.31 The Thin Flame Method as a Solution to the Flame Extinction 
Problem.
Yortsos in 1991 presented an analytical ISC mathematical model including 
thin flame in 1D determining the combustion as a thin zone of calculated constraint thickness. 
Davies in 1988 presented a numerical approach to overcome the flame extinction problem 
decoupling the flame from a conventional finite difference simulator and solving separately for 
the chemical reaction rate and flame velocity equations. (Richard J. Davies, 1988) The thin 
flame technique is a method of tracking the front through a finite difference grid. To apply the 
thin flame algorithm in in-situ combustion simulation, it is necessary to determine both the
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flame speed and the amount of heat generated by the flame. A moving boundary or thin flame 
approach is used in which the flame front is viewed as a moving heat source.
The flame position will act as a pointer to the grid block in which the flame is at 
a specific time. The flame position advances through the burning block by the appropriate 
calculated distance on each time step and it is a pointer to the grid block occupied by flame 
front. A reduced set of conservation equations is applied in a steady state analysis using a 
moving frame over the flame region, and solves the resulting eigenvalue problem by a 
shooting method. A moving fine mesh is required to simulate the combustion front as a thin 
flame. The moving fine mesh technique has been successfully used in one dimensional 
simulation model. However, the extension of the fine mesh technique from one to two or three 
dimensions has not successfully resolved so far.
A moving fine mesh is proposed to simulate the combustion front. In a second 
technique used in conventional thermal simulators in the oil oxidation reaction, the activation
energy Ta, is defined in conjunction with Arrhenius terms of e-(E/RT*), where T* is defined as
follows:
f  = Ta  if T<=Ta
T* = T if T>= Ta
Thus, when oxygen enters a block it will be consumed at a rate proportional to 
e-(E/RT*) although the block temperature might be still around the reservoir temperature. 
Manipulating the activation energy E, as a matching parameter at different levels of oxygen 
utilization, can be achieved. Nevertheless, this technique does not honour the kinetics 
obtained by history matching a combustion tube experiment.
3.32 Field-Scale Simulation Method of the In-Situ Combustion Process 
Solving the Flame Extinction Problem.
Experience with kinetic-controlled type of models simulating laboratory, 
adiabatic combustion tube tests, pilots and field-scale studies has been satisfactory. However, 
it is difficult to economically simulate a number of field-scale problems in 2- or 3-dimensions, 
because for large block lengths in the primary direction of flow, the fire or combustion simply 
ceases. That is, combustion can be initiated in the air or oxygen injection grid block but, upon 
burnout of that block, the next block is insufficiently heated to sustain combustion. M X  Hwang 
et al. in 1982 noted this effect in their study of sensitivity to a number of combustion problem
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parameters. The remedy of decreasing the block size can lead to prohibitively large number of 
blocks and computing time. Areal 2D, 5-spot pattern simulations show that the 9-point 
difference scheme reduces a large grid orientation effect in 5-point simulation of the 
combustion process.
The primary purpose of recent work was to explore methods of sustaining the 
combustion in field-scale kinetic-controlled simulations while minimizing the effects of spatial 
truncation error (grid block size). A method described as the "Youngren assumption of 
instantaneous reactant-controlled petroleum oxidation retains the kinetic-controlled cracking 
and coke oxidation reactions. (Gary K. Youngren, 1980) An important objective is the analysis 
of very fine-grid combustion simulation and their comparison with coarse-grid results. The 
complexity of the combustion process makes generalizations from results for a given data set 
very difficult.
Field-scale models using kinetic-based model and sustainable combustion in 
coarse-grid have been reported. (K.H. Coats, 1983; Ito Yoshiak & Allan Kwok-Yuen, 1988.) 
These methodologies considerably extend the grid block size, which can be tolerated without 
severe grid size effects. These methodologies are applicable only under the assumption that 
no free oxygen passes un-reacted through the combustion front.
3.33 PVT Requirements in Simulation of In-Situ Combustion Processes.
Light oil combustion performance at high pressure is quite different from 
heavy oil, low pressure in-situ combustion. Compositional simulation with at least 4 to 5 
hydrocarbon pseudo-components are required in light oil simulation. (C.S. Lolley& W.C. 
Richardson, 1997 & 1998)
Non-isothermal simulation is computationally more intensive than traditional 
black-oil or even compositional CO2 flooding simulation, where energy balances incorporate 
the significant temperature changes in thermal recovery processes. Therefore, the adequacy 
of the fluid phase compositional PVT package of a thermal simulator is severely tested with 
light oil characterization in ISC simulation. Pseudoizing reservoir fluid characterization can 
help to save computational CPU time, because the number of the EOS calculations is 
proportional to the number of the components and pseudo-components. Hence, fully 
compositional reservoir simulation is considered impractical. (C.S. Lolley & W.C. Richardson, 
1997 & 1998)
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The minimum number of pseudo-components needed in non-isothermal 
simulation is dictated by the purpose of the simulation study. Combustion Tube tests are 
performed and simulated with the PVT properties of separator stabilized Petroleum and usually 
require smaller number of pseudo-components in comparison with full scale studies. In 
detailed laboratory studies additional pseudo-components may be required for special studies 
for example sour petroleum studies with high concentration of CO2 , H2S and organic sulphur 
compounds. In full field studies where petroleum production predictions with reservoir fluids 
are the main task, four to five hydrocarbon pseudo-components are sufficient.
3 .3 4  N u m e r ic a l S im u la t io n  o f  In -S itu  C o m b u s t io n  P ro c e s s e s  in  H ig h  
P re s s u re  R e s e rv o ir .
Numerical simulation studies of in-situ combustion in high pressure light oil 
reservoirs have determined the relative importance of chemical and physical processes, 
operating procedures, and reservoir characteristics. The conclusions can be summarized as 
follows:
TABLE 3.1
1. The thermal decomposition of residual fractions by coking alters the vaporization 
characteristics of oil; future work should include determining the extent of this alteration, since 
vaporization has been shown to be dominant physical mechanism.
2 . Peak temperatures for light oils are expected to decline rapidly as the bum  progresses away 
from the injection well. Peak temperatures are expected to be much lower than those seen with 
heavier oils.
3 . Changes in the hydrogen/carbon ratio of the fuel that may result from coking does not 
measurably affect field performance.
4. Changes in viscosity and oil vaporization characteristics, on the order of those associated with 
low temperature oxidation can significantly affect in-situ combustion performance.
5 . Injecting a mixture of oxygen and flue gases or produced gases rich in CO2 does not 
significantly increase the amount of oil produced per oxygen injected as compared to pure 
oxygen injection, oxygen injection produces sufficient CO2 to saturate the reservoir rapidly and 
capitalize fully on oil swelling and viscosity reduction.
Further improvements required in existing non-isothermal compositional simulators for in situ 
combustion simulation are summarized in the following table.
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T A B L E  3 . 2
1. Modelling of the reactions and sub-processes occurring in deep light oil reservoirs
2 Characterization of high  (HTO) and low  tem perature oxidation  (LTO)
a Modelling of the temperature and miscibility effects on reservoir capillary pressure and 
permeabilities
4 Defined light oils pseudoisation procedures, extended to include higher number of pure 
component entities
5 Model distillation effects
6 Prediction of water and hydrocarbon PVT properties in the critical and super critical water region.
Mathematical models for high pressure in-situ combustion processes have
been developed. Their analytical solutions have been used to validate non-iso-thermal 
numerical models. (D.R. Parrish, F.F.Craig 1969)
3 .3 5  In -S itu  C o m b u s t io n  L a b o ra to ry  E x p e r im e n ts .
Laboratory experimentation should be an integral part of the development 
programme of any in-situ combustion project. Thermal IOR simulators have been extensively 
used in the design, interpretation, and prediction of laboratory experiments. Present research 
work is focused on with methods of thermal recovery and the development of new methods 
where numerical modelling plays an important role. (P.W. Tsang., 1991; D.N. Dietz, 1970; 
L.R.Sibbald, R.G.Moore, D.W.Benriion, 1991; Tzanco, R.G. Moore, J.D.M. Belgrave and M.G. 
Ursenbach, 1991; V.R. Polikar et al., 1989)
The combustion tube experiment is the traditional apparatus for evaluating 
fire-flooding in the laboratory. While these experiments are necessary for understanding the 
in-situ combustion characteristics of a given reservoir, they are very expensive to perform and 
difficult to control. Hence, under these circumstances, design of combustion tube experiments 
can be based on numerical simulation for more effective experiments.
Laboratory combustion tube experiments provide microscopic and 
macroscopic data that must be properly scaled up to the megascopic scale, which is the scale 
of the field scale reservoir simulation grid block size. It should be noted that reliable scaling 
criteria must also be developed for multidimensional combustion experiments with 2 and 3 
dimensional sand packs. Oxygen utilization efficiency in laboratory experiments is up to 10% 
lower than the observed in the field. The burning velocity and air flux in the small scale 
laboratory experiments are at least an order of magnitude greater than the large scale 
experiment and field test.
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The objectives of the experimental investigation could include:
1. Verification of novel concepts and development of new scaling techniques
2. Evaluation of the importance of scaling procedure and the significance of parameters 
involved.
3. Assessment of the relative ability of each scaling approach to predict field in situ 
combustion performance.
3.35.1 Scaling In-Situ Combustion Laboratory Experiments.
Most of the thermal simulators are based on the assumption that all the 
important mechanisms of the combustion process would remain intact when a laboratory-scale 
simulation study is scaled up to field-scale. Scaled models of thermal IOR processes and 
especially in situ combustion scaled models are of great value in understanding complex 
phenomena and recovery mechanisms involved in these processes. Combustion tube 
experiments are conducted in the laboratory to determine the burning characteristics of a 
particular oil in a sand pack or rock matrix. (Kimber & Farouq Ali,. 1989 & 1993; Tsang & 
Doughty, 1985)
The simulators provide means to achieve good history matches of laboratory 
results when small grid blocks (i.e., 5 cm) are used (M. Kumar, 1987), and in most cases even 
when the simulators are used in a nearly field-scale study in which grid blocks are usually 
greater than 10 m. Many problems are encountered when scaling up from laboratory 
conditions to the field scale in a numerical simulation study. One of these problems occurs in 
the high-temperature zone where most of the chemical reactions take place. In general, the 
length of this zone is believed to be 5 to 20 cm in either laboratory or field conditions. Hence, it 
is too small to be represented properly by the large grid blocks used in the field-scale study. 
Arrhenius-type reactions have been found to be inadequate in field-scale combustion 
simulation because of the thin flame extinction effect. Pseudo-kinetic schemes have been 
introduced to field-scale studies.
The reaction zone can be simulated by one to two grid blocks in a laboratory- 
scale study. In a field-scale study, however, the zone would appear in only a fraction of a 
single grid block. Consequently, the temperature profile obtained in a laboratory-scale 
simulation can be different from that in a field-scale study. It is not possible to obtain a correct 
temperature distribution using thermal simulators with large grid block sizes in the field-scale. 
Thus, the kinetic and other data obtained from the history matches of laboratory studies should 
not be used unmodified for field-scale studies under these circumstances. Achieving
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meaningful results under field-scale conditions would require modifications. These 
modifications would involve all the temperature-dependent variables, such as temperature- 
dependent relative permeability characteristics, and chemical reaction kinetics. The accuracy 
of the simulators in field-scale ISC simulation can be increased significantly with minimal 
complexity by
(1) controlling fuel consumption and
(2) introducing a pseudo-kinetic scheme.
The grid-size problem is a very well known one and has been addressed by 
several authors. If the grid block used is too large, it may even cause fire to extinguish. Keith 
H Coats in 1980 & 1983 introduced the activation-temperature concept to ensure that the fire 
would be sustained by an increase in the reaction rate when the block temperature is below 
the activation temperature. Hwang etal. in 1982 found that using large grid blocks will result in 
higher fuel consumption than that observed in the laboratory. They resolved this fuel problem 
by specifying an amount of oil to be burned per unit bulk volume of formation. The burning 
front continuously displaces oil out from the burning zone to the neighbouring blocks.
In many in-situ combustion projects, viscous fingering and/or channelling 
phenomena can seriously affect the efficiency of the combustion process. These phenomena 
are indicated by certain characteristics in the injection and production histories or in the flue- 
gas analysis. One such characteristic is the earlier-than-expected flue gas breakthrough as a 
result of poor contact between the reactants due to fingering.
Although the presence of channels may be detected, the size, shape, and 
number of the channels require advanced reservoir chracterization. They may vary with 
location, injection rate, or the type of injection fluid used. Some indications regarding the 
changes in size, shape, or number of the channels can be obtained from the flue-gas analysis 
and the fluid production history. The channelling phenomenon will be difficult to duplicate in the 
laboratory. This complex phenomenon can be incorporated into the numerical simulator by 
adding
1. contact efficiency of the reactants;
2. diffusivity of oxygen;
3. non-equilibrium thermal condition, and
4. appropriate reservoir characterization.
In field-scale simulation some chemical reactions take place along the channels. 
Because of the large contact area, the heat energy can be transferred readily from the
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channels to the surrounding oil zone. This will result in a lower temperature in the combustion 
reaction zone. The chemical reaction type will be shifted to those favouring low temperatures, 
such as decarboxylation and/or low-temperature oxidation. Several papers have been 
published indicating that the performances of the combustion process depend on the low- 
temperature oxidation reactions accompanying the in-situ combustion operations. (M. Greaves, 
Ren S.R., and R.R Rathbone, 1998; Ren S.R., M. Greaves, R.R Rathbone, and T. Fishlock, 
1998) Hence, low-temperature oxidation and decarboxylation reactions have to be included as 
necessary in non-iso-thermal simulation.
It has been noticed that the amount of the burned fuel, m£, in the laboratory
tube having a sand pack of porosity <p e >>s different from the amount of fuel it ir  in reservoir of
porosity <|>, which is given by the equation:
mR = [(l-cp)/(l-<pE)] mg (3.92)
where:
m R = Mass of fuel burned per unit reservoir volume kg/m3 (Ibm /cu ft)
m E =Mass of fuel burned per unit volume of laboratory pack kg/m3 (Ibm /cu ft)
<pE = Porosity in laboratory experiments Fraction
<p = Porosity Fraction
Combustion tube experiments can be numerically modelled so that an 
appropriate reaction scheme and other necessary data for field scale simulation studies can be 
determined. However, scaling the performance of a combustion tube experiment to the field 
conditions via numerical simulation is not an easy task due to the sharp fronts in this process
and the large grid blocks in the field models. (I.S. Bousaid & H.J. Ramey, 1968; Richard
A.Morse & Robert LWhiting, 1970; J.G. Burger & B.C. Sahuquet, 1972; A.F.Corrigan, et al. 
1982; Barry Rubin & W.LIoyd Buchanan1983; TMJ.Newley & Robert C.Merrill Jr., 1991; 
P.LMcGurie & A.L.Moritz Jr., 1992; D.M. Matjerrison & M.R.Fassihi, 1992; Kimber, S.M. 
FarouqAli, 1989 & 1993).
Scaled model experiments are valuable aids to thermal IOR design and 
validation of numerical simulation models. Current scaling techniques have limitations. The 
data obtained from history matching of the tube experiment cannot be used directly for field 
scale simulation. Most of the problems concerning thermal IOR are characterized by the 
inability of numerical techniques to model thin flame zones and frontal displacements with low 
dispersion levels. The values from a combustion tube history match will not produce similar 
results in large grid blocks. Grid blocks used for a combustion tube simulation are on the order
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of inches thick, while grid blocks for a field simulation will be 100 to 1,000 times larger. 
(Richard Davies, 1988; Calvin C.Mattax and Robert LDalton, 1990)
An up-scaling technique attempting to solve the thin flame problem may entail 
the following steps:
1. History match the combustion tube experiments using fine grid block thickness Ax not 
larger than the burn-front thickness.
2. The chemical reactions and reaction kinetics are fine-tuned with available laboratory data 
so that an acceptable match is obtained.
3. Field elements are constructed with grid thickness Ax in the direction of the thermal front 
comparable to the value used for the simulation of the experiments, but larger field scale 
Ay and Az v a lu e s , allowing heat losses to over and underburden and air fluxes spanning 
those expected in field.
4. Field data are matched with field scale reservoir simulation results.
3.36 Numerical Simulation Model Validation against Laboratory 
Experiments.
Experimental validation of in-situ combustion model is essential for reliable 
predictions. Validation can proceed in steps validating separately the various processes 
involved in in-situ combustion. Simulation model validation against laboratory experiments 
with steam processes can be started using steam laboratory experiments. Validation of in-situ 
combustion thermal IOR processes may follow as the last step in a series of steps after 
geothermal and steam IOR processes validating thermal IOR processes. Discrepancies 
between the calculated values and observed experimental values of geothermal and steam, 
pilot and field data have to be resolved before going to the validation of in-situ combustion 
processes. The numerical non-isothermal simulation model must be validated against ISC pilot 
and field data to check that the mathematical model simulates properly the physical processes 
involved, such as displacement mechanisms, chemical reaction stoichiometry and kinetics.
Fully validated implicit non-isothermal simulators have been history matched 
against laboratory combustion tube data (M. Kumar, 1987). The validated simulators are 
used to identify important parameters that influence the predictions and to study the effects on 
process mechanisms. Discrepancies of ISC data and simulation results are analyzed for a 
number of in-situ combustion processes in the laboratory, the pilot and the field scale 
especially for ISC processes, such as the chemical reaction characterization and the
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combustion front development. (Tsang & Doughty, 1985; Chopra, Stein & Ader, 1989; 
Brusilovsky & Zazovsky, 1991; Gumrah and Johannes Bruining, 1992; Arthur G. Spillette, 
1965; D.W.Peaceman, 1978; W.van Varkeial, 1992)
Results indicate that a simulator can history match the laboratory data using the 
relative permeabilities as the matching parameters. Matched experimental parameters include 
cumulative oil production, gas composition and water production histories, location of 
combustion front as a function of time, and peak temperatures along the combustion tube. 
Cracking reaction parameters have been used in history matching. The simulation results are 
relatively insensitive to the combustion kinetics, grid size, sand thermal conductivity, and 
equilibrium coefficient of the heavy oil pseudo-components. The results, however, are more 
sensitive to relative permeability, capillary pressure, irreducible water saturation, and 
equilibrium coefficients of the light oil components.
Predicted trends for air and oxygen injection, wet combustion, and variation in injection 
rates are matched with experimental results. Injection of oxygen instead of air (for nearly the 
same combustion front velocity) is expected to cause a significant increase in peak 
temperatures. Wet combustion generally will decrease fuel consumption and peak 
temperature. The combustion front velocity is proportional to the air flux at the combustion 
front.
3.37 In-Situ Combustion Pilot Tests.
Further simulation, history matching and analysis are required to extrapolate 
pilot performance to full field development. Validated in situ combustion models are used as 
more reliable tools in the design of 3D combustion experiments aiding thermal IOR 
experimental design and further in pilot and field development plans. Physical models, 
analytical results and numerical simulation are used in planning pilot operations. Little 
planning of a pilot test is necessary when the primary purpose is to determine injectivity, but 
considerable simulation and analysis are required to design the pilot test parameters.
3.38 Simulation Results of In-Situ Combustion Processes.
Results of numerical simulation of in-situ combustion processes are highly 
influenced by the characterization of the burning-zone and its effects on oil recovery. The 
results are also sensitive to block size. Kinetic parameter effects are not as significant as 
previously thought. (M. Anis, M.K. Hwang & A.S. Odeh, 1983; Kuo-Lon Huang & Khalid Aziz,
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1983) In in-situ combustion processes, the thickness of the burning zone is smaller than the 
size of grid blocks normally used. Therefore, the models do not yield exact distributions of 
pressure, temperature, and other variables. The degree of deviation from the exact values is a 
function of grid block size and special algorithmic features of the non-iso-thermal simulator. 
Discrepancies in any of the variables can affect the results, but inaccurate temperature 
distribution has the greatest impact. Temperature discrepancies can cause incorrect 
estimation of reaction rates as well as effects on mass and energy balances.
Simulation results indicate that depending on the crude oil and reservoir rock 
properties the component equilibrium k-values and the kinetics of cracking reactions are the 
most important parameters affecting the fuel deposition, fuel composition, and the sizes and 
location of the transient zones. (M. Anis, M.K. Hwang & A.S. Odeh, 1983; Kuo-Lon Huang & 
KhalidAziz, 1983). Simulation results are always sensitive to the k-values of the light oil 
components but less sensitive to the k-values of the heavy oil components. Results are more 
sensitive to the cracking reaction kinetics. Furthermore, the fuel available may or may not be 
solely in the form of coke. Direct combustion may be the prevailing oxidation mechanism, 
instead of indirect hydrocarbon combustion via coke formation in light oil ISC process.
Further research is necessary to define more thoroughly the effect of 
uncertainties in the values of kinetic parameters, the grid block size, and dimensionality on the 
simulation results. Continuation of numerical experiments using kinetic-based models in 1, 2, 
and 3 dimensions is required to extend validation of the simulation results of high pressure 
light oil reservoirs. Further research on the catalytic effect of reservoir rocks and reaction 
kinetics is needed. A minimum of two heavy hydrocarbon pseudo-components are required to 
simulate accurately light oil vaporization in ISC processes. (C.Y. Lin, W.H. Chen, S.T. Lee, 
1984; iLG. Hansel et al., 1984)
3.39 Numerical Modelling of Geothermal and Steam Thermal IOR 
Processes.
Initial development of, semi-analytical and numerical steam flood simulators 
followed by ISC simulators. A general purpose non isothermal compositional simulator is the 
optimum solution for both thermal IOR processes, in situ combustion and steam flooding, as 
well as geothermal processes. (D.C. Wilson & P.C. Casinader, 1978; Keith H, Coats, 1980; 
Norton A. Myhill, 1980; Barry Rubin & W.LIoyd Buchanan, 1983; P.Lemonier, 1984; Lewis, K. 
Morgan and P.M. Roberts, 1985; CMG 1996 & 1997) Steam thermal IOR processes can be
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considered as in situ combustion processes with zero reaction rates, and therefore, steam 
thermal IOR processes are for practical purposes a specific sub-case of in situ combustion.
Laboratory experiments of steam IOR processes, pilot tests and field scale 
applications are considered simplified cases of the more complicated in situ combustion 
processes. Thus, steam processes are valuable for the understanding of in situ combustion 
phenomena. Steam processes are useful for understanding recovery mechanisms, the scaling 
criteria of both steam and in situ combustion processes and the validation of non isothermal 
compositional numerical simulators.
Steam distillation is an important recovery mechanism in medium and light oil 
thermal IOR processes and to a lesser extent in heavy oil reservoirs. The simulation of steam 
distillation is necessary in modelling steam-flood processes. Steam distillation simulation 
especially in medium and light petroleum steam-floods requires multi-pseudo-component 
compositional simulation with an equation of state to calculate vapour and liquid equilibrium 
and to predict oil recovery. Hydrocarbon PVT characterization requires a significant number of 
pseudo-components.
Three phase relative permeability effects are important in steam displacement, 
as are the effects of hysterisis. There is disputed evidence of the effect of relative permeability 
and capillary pressure with temperature. Usually these effects are not modelled. The influence 
of temperature on the relative permeability curves is described sometimes by shifting the 
curves without changing the curve shape. Miscible displacement conditions are expected in 
high pressure light oil steam floods and the applicability of miscible relative permeability curve 
has been studied. The steam and water properties are expressed as mathematical functions 
based on correlations from the steam tables.
A significant problem in steam-flood and generally in thermal IOR simulation is 
computational stability. The mass and energy balance equations are strongly non-linear and 
closely coupled. This situation causes severe stability problems, particularly for IMPES type 
methods. Steam flooding simulation is equally expensive as the other types of thermal IOR 
simulation simulated with non-iso-thermal simulators. (G.W. Thomas 1977; R.M.Butler, 1986; 
K.H.Coats, 1986; J.H. Duerksen, 1990; LMIyican, 1991)
The computing requirements are partly based on the complexity of the 
phenomena and the processes and partly on numerical instability that limit time step size. 
Consequently, most steam-flood models are small, seldom exceeding few thousands of grid 
blocks. However, small number of grid blocks is inadequate to simulate significant phenomena
"Numerical Simulation of Air Injection Processes in High Pressure Light and Medium Oil Reservoirs.",
Chapter-3, John Tingas 9/3/2000
112
like gravitational segregation in thermal IOR leading to steam override and to account for front 
tracking.
3.39.1 Steam Thermal IOR Numerical Simulation Model Validation against 
Analytical Solutions.
Steam drive mathematical models and their analytical solutions are used to 
validate non-iso-thermal numerical simulators to show that the governing equations of the 
numerical mathematical models have been correctly set up and to indicate that the numerical 
solution algorithm works with adequate accuracy. (Chopra, Stein & Ader, 1989; Yortsos, 1991; 
Brusilovsky & A.F. Zazovsky, 1991; M. Rame & J.E. Killough, 1992; A.S.Emanuel, 1993; 
L.A.Wilson, 1958)
3.39.1.1 Steam Injection Laboratory Experiments and Unsealing.
Design of laboratory experiments can be based on numerical simulation.
Along with the development of new numerical techniques in steam flood simulation,
experimental studies provide data and correlations for the prediction of fluid and rock 
properties to validate non-iso-thermal simulators.
Laboratory experiments provide data at the microscopic and macroscopic 
scale that must be properly scaled up to the megascopic scale, which is the scale of the 
reservoir simulation grid block size. Current scaling techniques have limitations. Therefore, 
scaled physical models of the steam flooding processes are of great value in designing a 
steam flood and obtaining insight into process mechanisms. Scaled model experiments are
valuable aids to thermal IOR design and validation of numerical simulation models. (D.M.
Matjerrison & M.R.Fassihi, 1992; K.D. Kimber& S.M. FarouqAli, 1991 & 1993)
The results of laboratory studies are compared to predicted performance 
using non-iso-thermal simulation numerical models. Simulation model validation against 
laboratory experiments with steam processes is validation only of the in-situ combustion 
process involved in steam flooding separate from the validation of the remaining ISC 
processes, such as combustion stoichiometry and kinetics..
3.39.1.2 Steam Pilot Tests.
Physical models, analytical and numerical simulation results are used in 
planning pilot operations. Little planning of a steam pilot test is necessary when the primary 
purpose is to determine injectivity, but considerable analysis and simulation are required to 
design the pilot test parameters. Further analysis, simulation and history matching are required 
to extrapolate pilot performance to full field development. (D.T. Konopnicki et at., 1979;
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F.G.Gangle, H.V.Weyland, J.P.Lassiter, EJ.Veith, & TAGarner, 1992; B.C. Sahuquetand J.J. 
Ferrier, 1982; C. Van Dijk 1968; B.C. Sahuquet, 1984; M.L. Lebihan, A.G. Bourgeois, 1984).
A significant number of steam drive pilots were organized as preparation for 
full field steam drive projects. Among other a steam drive pilot was run on light oil reservoir at 
the Naval Petroleum Reserves Number 1 in the Elk Hills oil field, Kern County, California. 
(F.G.Gangle, H.V.Weyland, J.P.Lassiter, E.J.Veith, & TAGarner, 1992) Pilot test 
observations, based on compositional changes in the produced crude confirmed that 
subsurface distillation processes were occurring.
In-situ steam oil distillation may reduce the residual oil saturation to low values 
especially in light oil reservoirs. The light oil steam drive in Elk Hills pilot test generated 
freshened produced water and CO2 gas ahead of a miscible oil bank. Taking into account the
gases produced in steam flooding such as CO2 and petroleum compositional changes, 
numerical stimulation of steam drive have to include cracking and shift reactions, which can be 
used in history matching.
3.39.1.3 Validation of Steam Thermal IOR Numerical Models against Field 
Data.
Numerical non-iso-thermal simulation models must be validated against field 
data to check that the mathematical models were used properly to simulate the recovery 
processes involved. The validation of the numerical non-iso-thermal simulators may proceed 
in several stages. Discrepancies between the calculated and observed field results will be 
resolved for each step before going to the validation of the next step. Validations of steam 
thermal IOR processes represent the first step in a series of steps for the validation of in-situ 
thermal IOR processes.
3.39.2 Numerical Modelling of Geothermal Processes.
General purpose non-iso-thermal reservoir simulators can be used in 
geothermal reservoir simulations. Numerical simulation methods are used to study, how the 
exploitation of different horizons affects the behaviour of vapour or liquid-dominated 
geothermal reservoirs. The geothermal reservoir models may consist of two-phase vapour- 
dominated zones overlying the main liquid-dominated reservoir.
3.39.2.1 Geothermal Pilot Tests.
Shallow geothermal production causes a rather localized depletion of 
reservoirs, whereas production from deeper horizons may yield a more uniform depletion 
process if vertical permeability is sufficiently large. The exploitation of deeper zones causes
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boiling and subsequent up-flow of steam that condenses at shallow depths. This tends to make 
temperatures and pressures more uniform throughout the reservoir, resulting in maximum 
energy recovery. Consideration is given to the possibility of achieving similar improvements in 
energy recovery from vapour-dominated reservoirs through production from deeper horizons. 
This appears unlikely but cannot be completely ruled out because of uncertainties about the 
characteristics of vapour-dominated systems in deeper horizons.
3.29.2.2 Numerical Modelling of Geothermal Processes.
All the geothermal numerical simulators depend on an accurate 
characterization of the steam and water system thermodynamics. This information is required 
to render the tractable system of balance equations derived from the physics of flow through 
porous media. It is generally recognized that a water/steam two-phase system in geothermal 
operations is not possibly in thermodynamic equilibrium, although thermodynamic equilibrium 
is universally employed in numerical simulators. The equations of mass balance and energy 
balance are solved simultaneously by numerical methods.
The geothermal models simulate fluid flow behaviour of a geothermal 
reservoir, assuming water influx and heat conduction from heat sources under the reservoir. 
Both mass and heat production terms are considered to account for water encroachment and 
heat flow through the boundaries.
Geothermal simulation models are used for optimizing geothermal field 
developments. In view of this, the model should be able to simulate accurately physical 
phenomena through the geothermal field. As in petroleum reservoir simulators, geothermal 
simulators are also composed mainly of three principal physical models; reservoir model, well 
model and surface facilities.
Reservoir simulation is needed early in the development of a geothermal field. 
For a geothermal field development, it is expected to develop a simulation model, which can 
give rational data for planning strategies. Calculation of the geothermal reserves is 
meaningless unless the performance of the reservoir and especially the rate of production of 
fluid and enthalpy can be forecasted over the life of a power plant (30 years).
The behaviour of a liquid-dominated geothermal reservoir in response to 
production from different horizons can be studied by use of numerical simulation methods. The 
possibility of improving energy recovery from vapour-dominated reservoirs by tapping deeper 
horizons can be studied using numerical simulation methods.
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3.27.2.3 Validation of Geothermal Numerical Models.
The validation of non-isothermal compositional numerical simulators is 
possible against geothermal processes, which are specific simplified cases of thermal EOR 
processes, such as steam and in situ combustion. This way, phenomena such as hydrocarbon 
PVT properties, compositional hydrocarbon phase equilibrium and chemical reaction kinetics 
are excluded from the mechanisms and the remaining processes are separately validated.
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CHAPTER-4. SIMULATION OF HIGH PRESSURE COMBUSTION TUBE 
EXPERIMENTS.
4.1 Combustion Tube Experiments.
Combustion tube and combustion cell experiments can be of great value in
obtaining data to design a pilot or field project. The objectives of a combustion tube experiment 
could include the following:
1. Authentication of the Combustion Chemical Reaction Characterization;
2. Selection of the Chemical Reaction Kinetic Parameters for Optimum History Match of Simulated Values and 
Experimental Data;
3. Validation of the Displacement Mechanisms;
4. Verification of Scaling Methodologies from a Combustion Tube to Pilot or Field Scale;
5. Assessment of the scaling methodology and its ability to predict important in situ combustion parameters in field scale;
6. Evaluation of Scaling Parameters.
The combustion is maintained under essentially adiabatic conditions. For this
purpose, the reactor tube is surrounded by insulation and by band heaters. Thermocouples 
are located at the center of the sand pack and between the tube wall and the heater to record 
temperatures. An ignition device is used to start combustion. The actual ignition temperature 
is not known accurately very near the ignition surface because it is difficult to be measured 
precisely. The burning velocity and air flux in the small scale laboratory experiments are at 
least an order of magnitude greater than in the larger scale of pilots and field tests.
4.2 In-Situ Combustion Laboratory Experiments.
Combustion tube experiments can be of great value in obtaining data for 
designing field projects. Laboratory experimentation should be an integral part of the 
development programme of any in-situ combustion project, because it will provide data and 
correlations for the characterization of chemical reaction kinetics, fluid and rock properties and 
displacement mechanisms. 2D and 3D ISC displacement data are also acquired because 2D 
and 3D data will be more reliable for up-scaling to pilot and field scale. (D.R. Parrish & F.F. 
Craig, 1969; Hansel, Benninng & Fernbacher, 1984; Sibbald, Moore & Bennion, 1991; Tzanco, 
Moore, Beigrave & Ursenbach, 1991; Marjerrison & Fassihi, 1992; Yeh, Emanuel, 1992)
Air injectivity remains difficult to predict and it cannot be evaluated by ISC 
laboratory experiments. The oxygen utilization efficiency in laboratory experiments is up to 
10% lower than the observed in the field. The burning velocity and air flux in the small scale
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laboratory experiments are at least an order of magnitude greater than the larger scale pilots 
and field tests, but more realistic in 3D experiments (at 1 -  2 cm/hr). Laboratory combustion 
tube experiments provide data at the microscopic and macroscopic scale that are properly 
scaled up to the megascopic scale, which is the scale of the reservoir simulation grid block 
size. The objectives of the experimental investigation should include:
1. Validation of novel concepts and development of new scaling approaches;
2. Assessment of the ability of each scaling approach to predict important in situ combustion 
performance;
3. Evaluation of the importance of scaling pressure conditions.
4.3 High Pressure Combustion Tube Experiment Objectives.
High-pressure combustion tube experiments are necessary to study the dominant high- 
pressure reservoir phenomena and displacement mechanisms at pressures closer to the 
reservoir pressure. High-pressure air injection may be influenced by several phenomena, 
which occur predominantly at elevated pressures. Some of these are as follows:
•  The higher oxygen partial pressure at the combustion front will lead to more effective 
combustion occurring at higher oxidation rates.
•  Carbon dioxide, produced at the higher partial pressure during the combustion process, 
may be dissolved in the petroleum phase reducing the oil viscosity and assisting in misciblly 
displacing it more rapidly.
•  At normal temperatures, oil and water are mutually insoluble because water is strongly 
polar and petroleum components are essentially non-polar. However, at higher 
temperatures and pressures, water polarity is reduced substantially as indicated by its 
much lower dielectric constant. As water polarity approaches that of oil, the two liquids tend 
to become mutually soluble. This super critical water mechanism could possibly come into 
play in the ISC process at elevated pressures, typical of deep high pressure light oil 
reservoirs and affect the oil displacement efficiency and combustion tube temperatures at 
the combustion front of ISC processes.
•  The heat scavenging capability of the water will be lower at higher pressures, because the 
water latent heat of vaporization decreases with pressure. This may result in alteration of 
the importance of mechanisms governing the combustion processes at higher pressures.
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4.4 Description of the 1P Combustion Tube System.
The 1D combustion tube system at Bath university is schematically presented in Fig. 4.4 and 
the specifications are summarized below:
1. Tube diameter 10.0 cm, tube length 125 cm, 1.75 mm, thin wall;
2. Combustion tube constructed from Inconel 625 alloy of outstanding corrosion resistance, 
superior mechanical properties and lower thermal conductivity
3. Maximum operating conditions of 20.7 MPa and 649 °C;
4. Temperature control system to maintain near-adiabatic operation and to track the 
combustion front at about 0.305 m/h;
5. Thirty-two thermocouples equally spaced along the combustion tube; and
6. An air feed system.
An equivalent 8.862 cm * 8.862 cm cubic grid block having the same cross- 
sectional area was used in the simulation work. The sand pack, with a maximum length of 
1.25m, was contained in a vertical, thin-walled, stainless steel tube, 10.0 cm ID, contained 
within a pressure vessel with a maximum operating pressure of 24 MPa. The end flanges are 
sealed with high pressure and temperature gaskets and are secured into position with eight 
bolts. The combustion tube is thin walled to minimize axial heat conduction. The annulus 
between the combustion tube and the shell is filled with vermiculite, a high efficiency insulator. 
A ‘Sindanyo’ insulating block is placed at the bottom of the shell to minimize heat transfer from 
the combustion tube to the shell.
Heat loss is small in thick reservoirs, in-situ combustion is assumed to occur 
under adiabatic conditions. Hence, nearly adiabatic in-situ combustion tube runs have been 
used to obtain experimental results of in-situ combustion processes. Adiabatic conditions in 
combustion tube runs can be achieved by reducing the temperature gradient between the 
sand pack and the environment surrounding the tube. To attain adiabatic conditions in a 
partially or non-insulated tube, the temperature of the surroundings must be raised to that of 
the sand pack as the combustion front moves along the tube. Heater bands are used with 
proportional heat loads controlled by individual controllers. Therefore, the tube was 
surrounded by a stack of 32 circular band heaters, to heat the tube wall essentially to mimic, 
as closely as possible, the adiabatic condition present in a reservoir. Each band heater is 3.9- 
mm wide, 2 mm thick and has a maximum power rating of 800W. Between the tube and the 
band heaters there is a thin layer of ceramic paper, which protects the band heaters from any 
large increases in temperature. Along the central axis of the tube, thermocouples are used to
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monitor the sand pack temperature. Thirty-two K-type, insulated, floating signal thermocouples 
are equally spaced evenly along the length of the tube, which are welded to insert clips and 
placed at equal distances from each other.
The produced fluids from the combustion tube are passed to the high- 
pressure separator (HPS), where they are separated into liquid and gas. When the HPS is full, 
the liquid flows into the low-pressure separator (LPS) and the pressure is reduced to 3.5 bar. 
Pressure relief valves protect both the separators. Two level transducers are used to measure 
the levels in the HPS and LPS.
The produced gases are first passed through a knock out vessel, where 
condensable components are captured. The manual control valves ensure that the pressure to 
the analyzers and the wet test meter (WTM) are kept below about 2 psig (normally less than 1 
psig for the WTM). A side stream is dried in a silica gel drier and passed via rotameters to 
oxygen, carbon dioxide and carbon monoxide analyzers. The analyzer exit stream is then 
mixed again with the main gas stream before entering the WTM, which measures the 
cumulative volumetric gas flow. The non-return valves prevent a reverse pressure gradient on 
the analyzers. The produced gases are also collected in a PTFE sample bag for off line 
analysis using a gas chromatograph (GC). This measures the concentrations of hydrocarbon 
light ends.
The liquid from the low-pressure separator is passed through pressure valve 
to reduce its pressure slightly above the atmospheric and it is then sampled via a rotating 
sampler capable of accommodating 30 samples of 125 ml. A detailed description of the high 
pressure 1D combustion tube is given by T.J. Young in his Ph.D. thesis (T. J. Young 1998)
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Figure 4.4: Schematic diagram of the high-pressure combustion tube 
experimental
4 .5  D e s c r ip t io n  o f  th e  3D  C o m b u s t io n  C e ll S y s te m .
Two 3D combustion cells at Bath University referred to as system 1 and system 2 were used 
by Al-Honi for 3D experiments. Their specifications are summarized in table 4.1
Tab le  4 .1  3D  Com bustion  Cell S pecifications
System-1 System-2
Length, m 0.4 0.4
Width, m 0.4 0.4
Depth, m 0.075 0.1
Wall Thickness, mm 3.0 4.0
Material 304 Stainless Steel 304 Stainless Steel
Type of Thermocouples 74/1 mm diameter in pairs at 2 
levels CTop & Bottom)
63/1.5 mm diameter located at 3 
levels CTop, Middle & Bottom)
The combustion cells are rectangular boxes designed to incorporate different horizontal and 
vertical well configurations. A detailed description of the 3D combustion cell tubes is given by 
M. A. Al-Honi in his PhD thesis (M. A. Al-Honi 1997).
Eight pairs of strip heaters were mounted on the top and the bottom external surfaces of the 
cells, between the rows of thermocouples in order to minimize heat losses from the cells to the 
surrounding and to maintain the system at nearly-adiabatic conditions during operation. 
Perforated stainless steel tubing, having 6.4 mm outside diameter, was used for both the
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injection and production well. The perforated length of the injector was 38 cm with 1 hole/cm. 
The perforated length of the producer was 32 cm with 1 hole/cm and it was covered by fine 
stainless steel mesh preventing production of sand particles.
The combustion cell system 2 was designed for a maximum operating pressure of 25 psi and 
therefore, only low pressure 3D combustion experiments could be conducted. Results of low 
pressure 3D combustion experiments provide valuable information of the 3D temperature and 
saturation fronts and their results can be combined with 1D high pressure combustion tube 
experiments to upscale from the laboratory to the pilot or field scale.
4.6 High Pressure Combustion Tube Cell Experiment Preparations.
For both 1D combustion tube and 3D combustion cell tests, analysis, 
simulation and up-scaling of combustion tube experimental data are necessary to design pilot 
tests and to asses the feasibility of field scale air injection into pre or post water flooded high 
pressure light and medium oil reservoirs. Combustion tube experiments are conducted in the 
laboratory to determine the combustion characteristics of a particular petroleum fluid usually in 
a sand pack or preferably in reservoir rock core.
A fully automated high-pressure 1D in-situ combustion tube system was 
designed, constructed, and tested by T.J.Young at Bath University. (T.J. Young 1998). M. A. 
Al-Honi used a low-pressure 3D in-situ combustion tube system at Bath University. (M.A. Al- 
Honi 1997) The experimental data obtained from a series of adiabatic dry 1D and 3D 
combustion runs were used to investigate the effect of pressure, fuel lay down, air-fuel ratio, 
H/C ratios and combustion temperature on oil displacement in ISC processes.
The combustion tube experiments were then numerically modelled to enable 
an appropriate chemical reaction characterization to be validated, enabling the effect of 
pressure on chemical reaction kinetics, displacement phenomena and other processes to be 
simulated. The thermal simulator ‘STARS’ (Computer Modelling Group, 1998) was used in the 
simulation studies. In addition, BUISCOM the Bath University non-iso-thermal simulator, a 
simple 2D version of STARS, was also tested. The aims of the study were to investigate the 
hydrocarbon combustion mechanism and to identify the key parameters affecting the 
performance of in-situ combustion processes. The Numerical simulation results of the high- 
pressurel D combustion tube experiments and low pressure 3D combustion cell experiments 
are presented and the kinetic aspects of in-situ combustion processes are discussed in the 
following sections of this study.
"Numerical Simulation of Air Injection Processes in High Pressure Light and Medium Oil Reservoirs.",
Chapter-4, John Tingas 9/3/2000
122
A new history matching approach has been used in this study for the data of the near 
adiabatic combustion tube experiments, providing an appropriate up-scaling 
methodology for field simulation predictions.
Figure 4.1 illustrates the well-controlled experimental conditions at constant 
total air flux combustion tube Run-6 by T.J. Young (T.J. Young 1998). A combustion tube 
simulation, with the same flux and duration were used in the history match simulation runs.
The combustion in 1D combustion tube experiments was maintained under 
essentially adiabatic conditions with insulation and 32 band heaters surrounded the reactor 
tube. For each band heater there was one thermocouple located at the center of the sand










0 5000 10000 15000 20000 25000
Figure 4.1: Combustion tube flux versus Time (sec)
Ignition takes place very near the inlet surface of the sand pack at about 500 
°C. In combustion tube runs sufficient time was allowed for the sand pack to reach ignition 
temperatures. The ignitors were turned off as soon as ignition was achieved, in response to 
high temperatures at the first axial thermocouple. The observed sudden temperature rise was 
quite dramatic.
A light Australian oil and medium Clair crude oil were investigated in the 1D 
combustion tube experiments, at 5 and 10. MPa pressures. The crude oil, in both cases, was 
a sample of stabilized separator oil. Therefore, the displacement effect of light hydrocarbon 
components in the associated gas has not been accounted in these experiments. Combustion 
tube experiments with gas saturated light and medium oil are recommended because the data
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of these experiments will include more extensive gas displacement phenomena in a similar 
way as they take place under the reservoir conditions.
4.7 Simulation Design of Experiment
1D Simulations have been used to design combustion tube experiments 
determining experimental parameters. Initially 64 grid blocks were used in combustion tube 
experiment design simulations. In combustion tube test simulations, 4 to 5 hydrocarbon 
pseudo-components were used for the light petroleum fraction, assuming homogeneous 
combustion tube conditions.
All of the combustion tube runs were made at various constant values of air 
fluxes. In the combustion tube simulations, shorter time steps were required for increasing air 
injection rates. Numerical instability increased at higher flux rates due to higher front velocities. 
Lower combustion front temperatures at higher air injection rates are explained by faster oil 
displacement at nearly-miscible gas drive conditions and faster air or flue gas stripping of the 
reservoir oil. This effect is expected to be stronger under the reservoir conditions, where oil is 
saturated with dissolved gas.
The simulation runs were made using the CMG 'STARS' non-isothermal 
simulator. Numerical stability and very good front tacking capability have been experienced in 
the combustion tube design simulation runs. The formation of two thermal fronts, one low 
temperature displacement steam bank followed by the high temperature combustion front, was 
predicted by the simulator. The generation of the two displacement fronts was demonstrated in 
the combustion tube experiment graphs as oil, gas and water saturations versus the 
combustion tube grid block number.
The simulation study was initialized in 1D with 32 grid blocks for the 1D 
combustion tube experiments as the minimum resolution of one grid block per thermocouple. 
Flame extinction was not observed with all the grid block systems studied. The number of the 
grid blocks was increased to 64,96 and 128 grid blocks, corresponding to 2,3 and 4 grid 
blocks per thermocouple because of grid block size sensitivity.
The 1D grid block system is presented in figure 4.2. Grid block size sensitivities indicated that 
a finer grid block system was required. For the 1D combustion tube experiments, the 
simulations were repeated increasing the number of the grid blocks from 64 to 96 and 128, to 
determine the grid block size sensitivity. Simulation runs with 64,96 and 128 simulation grid 
blocks indicate strong grid block effect on the front speed. Thus, finally, the combustion tube
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was simulated in 1D using 1*1*96 and 1*1*128 grid blocks. Therefore, 96 to 128 Cartesian 
grids were used in 1D light petroleum combustion tube experiments, because of appropriate 
front tracking and sharp temperature and saturation fronts associated with light petroleum 
processes as observed in the experiments. One additional grid block at each end of the 
combustion tube representing the end effects has not been considered necessary, because of 
already high number of grid blocks.
F i g u r e  4 . 2 :  C o m  b u s t i o n  T u b e  S i m  u l a t i o n  
G r i d  B l o c k  N e t w o r k










J L i q u i d &
Very small time steps are required for convergence at air flux rates higher 
than 0.14 sM3/hr (5 SCF/hr) in the simulation runs with 96 and 128 grid blocks. Time step 
chopping to very short time steps (10-4 to 10-6 minutes) was experienced in simulation runs 
with the finer grid block system due to sharper temperature and saturation changes in smaller 
grid blocks. Numerical control techniques available in STARS were effectively used.
A simple 3D physical model, having areal dimensions 0.4*0.4 and 0.1 m deep 
has been used to investigate in-situ combustion processes in heterogeneous reservoirs. (M.A. 
Al-Honi 1997) Simulation studies of these 3D combustion cell experiments were made using a 
high resolution grid block system consisting of 1449 grid blocks (i*j*k dimensions 21*23*3).
The grid block system with a horizontal injector and the horizontal producer is presented in 
figure 4.3.
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GRID BLOCKS 1=21 J=23 K=3 - TOTAL NUMBER OF GRID BLOCKS= 1449 
FIGURE 4.3 - SIMULATION GRID BLOCK SYSTEM OF THE 3D ISC 
EXPERIMENTS
The grid block resolution in 3D combustion cell experiments is high enough in 
order to match the developed temperature and saturation fronts in history matching. A 
minimum of 4 simulation grid blocks was provided between the production and injection well.
4 .8  C h e m ic a l R e a c t io n  S to ic h io m e t r y  a n d  K in e t ic s  fo r  L ig h t  O il IO R  
S tu d ie s .
Design of ISC processes involve experimental evaluation, determination of 
kinetic variables and displacement data from laboratory combustion tube experiments. 
Variables determined experimentally for the design of the process are usually fuel availability, 
air requirements, oxygen utilization efficiency, combustion peak temperatures, combustion 
front velocity, effect of porous matrix, and kinetic parameters. The stoichiometry and kinetics 
of combustion and cracking reactions in the combustion and the cracking zones used in 
combustion tube experiments have been discussed widely in the literature. (Greaves M., Field 
R.W., and Dudley J.W.O., 1991; I.S. Bousaid&H.J. Ramey, 1967; S.A. Abu-Khamsin, W.E. 
Brigham, H.J. Ramey, 1972; K.R., Vossoughi, 1985; Hajdo, Hallam & Vorndran, 1985; PiereA. 
Le Thiez and Patrick A. Lemonnier, 1990; R.G. Moore eta!., 1992)
The fuel available may or may not be solely in the form of coke. Direct 
hydrocarbon oxidation has been assumed as a reasonable assumption for light and medium 
petroleum. The enthalpy of reactions from bond values and atomic energies are useful first 
estimates of data in combustion tube experiment simulations. Reaction enthalpies calculated 
from bond energies and chemical reaction kinetic parameters from published hydrocarbon data 
have been used as first estimates and due to their uncertainties it is justified to be varied as
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history match sensitivity parameters. Non-isothermal simulation has been used to predict light 
petroleum auto-ignition times. The predictions are based on the adopted chemical reaction 
characterization in combustion tube experiments and in field scale studies.
4.9 Data for Simulation Design.
4.9.1 Sandpack Properties.
The petrophysical properties of the sand-packs were not available from 
experimental data. The table 4.2 below shows the test results on un-consolidated sand packs, 
for varying sand and clay content carried out by AEA Technology, Winfrith. (M.A. Al-Honi 1997 
& T.J. Young 1998). Porosity 0.3653 and permeability 1004 mD according to values presented 
in the table 4.2 have been assumed as the petrophysical properties of the sand-pack in 
combustion tube experiment design simulation runs planned with 90% W50 sand type and 
10% clay. These values have been adopted in combustion tube design simulation runs as a 
first approximation in combustion tube experiment history match simulation runs, where they 
have been treated as history match sensitivity parameters due to their uncertainties.
T a b le  4 .2 : U n -consolidated  sand pack d ata
S a n d  t y p e K a o l i n i t e
v o l u m e
G r a i n  D e n s i t y P o r o s i t y G a s  P e r m e a b i l i t y
W t :  % g / c m 3 % m D
1 0 0  %  W 5 0 0 2 . 5 0 7 3 9 . 0 5 1 5 0 3
1 0 0 %  W  1 5 0 0 2 . 5 1 5 4 5 . 5 1 6 7 4
9 7 %  W 5 0 3 2 . 5 2 2 3 8 . 5 3 1 0 4 2
9 5 %  W 5 0 5 2 . 5 3 4 3 8 . 1 1 1 0 4 9
9 0  %  W 5 0 1 0 2 . 5 4 6 3 6 . 5 3 1 0 0 4
9 0 %  W  1 5 0 1 0 2 . 5 5 3 4 2 . 5 2 6 1 6
N.B. W50 is a coarse sand -300pm. W150 is a fine sand ~ 150pm. The clay has a particle size of O-lOpm.
The two-phase relative permeabilities of the sand-pack were not available 
from experimental data. Hence, correlations were used. Miscibility effects on relative 
permeability have been investigated. The effect of temperature on permeabilities and potential 
impact of oil-water emulsions on permeabilities has not been taken into account, justifying the 
use permeabilities as sensitivity parameters in combustion tube experiment simulation history 
match.
4 .9 .2  Combustion Tube Test Design Data.
The vertical combustion tube is 125 cm long by 10 cm in diameter. An 
equivalent 8.862 cm * 8.862 cm paralleled grid block having the same cross-sectional area is
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used in the simulation work. The data of the combustion tube tests are summarized in the 
following tables 4.3 and 4.4:
The large number of grid blocks in the combustion tube experiment simulation 
enables accurate material balances over the whole experiment. Time step chopping in 
combustion tube experiment simulation was leading to high number of small time steps.
TABLE 4.3 UNCONSOLIDATED SANDPACK PROPERTIES & OPERATING CONDITIONS
Porosity (fraction) 0,366
Permeability md 1004
Initial W ater Saturation, Sw (fraction) 0,25
Initial Oil Saturation, S0 (fraction) 0,7
Initial Gas Saturation, Sg (fraction) 0,05
Initial pressure, Pi kPa 10000
Initial Temperature, T, °C 37,8
Air Injection rate, Q, Sm3/hr 0,141584
TABLE 4.4 COMBUSTION TUBE OPERATING PARAMETERS
Combustion Tube Length 1,25 m
Combustion Tube Cross-section 0,007854 m2
Bulk Volume 0,009818 m3
Pore Volume 0,004066 m3
Original Oil in Place 0,002846 m3
Air Injection Rate, Qi 0,141584 Sm3/hr
Oxygen Injection Rate, 0,02317 Sm3/hr
Air Flux 18,03 m3/hr/m2
Oxygen Flux 3,61 m3/hr/m2
Combustion Zone Frontal Advance Rate 0,45 m/hr
4 .1 0  D e s ig n  o f  th e  P a ra m e te rs  C o m b u s t io n  T u b e  E x p e r im e n t .
Air injection rates were used as an experimental parameter designing the 
combustion tube experiments. The simulation results have been studied for air injection rates 
at 0.5, 0.554 and 2 ft3/hr. At the highest air injection rate of the 2 ft3/hr, numerical instability 
increases and the limits of the K-value as functions of pressure, temperature and composition 
are reached, and more accurate simulation with higher number of pseudo-components or full 
compositional model may be required.
The combustion front peak temperatures and temperature profiles of the 
simulated combustion tube experiments 5, 6, and 8 indicate decreasing temperatures and oil 
saturation versus time. This is an evidence of limited fuel availability for light and medium
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petroleum at the combustion front. The oil is extremely reactive and the phenomenon of 
combustion front 'skipping', but not extinguishing and continuously re-ignition, occurs. The 
simulation results confirmed light oil research by D. V. Yannimaras et al. 1991 that has shown 
combustion front 'skipping'. In this process temperature spikes can be expected upon re­
ignition. Low lay down of carbon as coke was predicted in the combustion tube experimental 
design simulation runs. D. V. Yannimaras et al. in 1991 have also shown that a high API oil 
does not lay down much carbon as coke, if the reservoir is hot enough.
Four and five petroleum pseudo-components, C H 4 , C2-C5, C6-Cio, C11-C20, 
and C21+ have been tested in PVT characterization of the design combustion tube experiment 
simulation. The mole fractions of these components have been chosen so that they are 
representative of a typical medium and light petroleum such as ‘Clair’ type medium and light 
Australian crude. Improved pseudoisation procedures included CO2 and N2 as pure 
component entities, which are treated as gas components soluble in liquid hydrocarbon phase 
to simulate properly their solution drive mechanisms.
The formation of displacement fronts has been predicted by the simulator. A 
low temperature front in front of the combustion zone is followed by a high temperature front. 
This is demonstrated in the oil, water, gas saturation profiles along the tube in Figure 4.5. The 
formation of a low temperature front may be associated with near-miscibility gas drive 
conditions and flue gas stripping of the reservoir oil. The high temperature front can be 
explained by combustion and steam distillation of crude oil in the area immediately ahead of 
the combustion zone.













Figure 4.5 Fluid Saturation Profiles in Combustion Tube Air Injection Flux Design Simulations.
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Numerical simulation has been successfully used to design combustion tube experiments and 
the experiment design parameters have successfully been specified.
4.11 C o m b u s t io n  T u b e  E x p e r im e n ts .
Eight 1D combustion tube experiments were performed by T.Y. Young with the high pressure 
combustion tube system at the university of Bath (T.Y. Young 1998). In combustion tube runs 
1 to 6 medium ‘Clair’ oil was used and in combustion tube runs 7 and 8 light Australian crude 
was tested. The sand, crude type and specific objectives of each of the medium and light oil 
high pressure 1D combustion tube experiments are summarized in the table 4.5a.
The 1D combustion tube runs 1,2,3 and 4 were designed to operate at 50 bar and an air flux 
of 50 m3/m2hr. However, due to experimental problems, only Run 4 among the first four runs 
was considered suitable for detailed analysis and simulation. A nitrogen leak caused an 
increase in the combustion tube pressure in Run 1. Run 2 was terminated due to a valve 
problem and in Run 3 the sand pack pressure drop was too high. Even combustion tube Run 
4 was not free of problems. The tube top connection was leaking and the air flux had to be 
reduced to 13 instead of the planned 50 m3/m2 hr to reduce leakage. The experimental 
conditions are summarized in table 4.6a and other data and problems of the combustion tube
experiments in table 4.7a.













1 90% W50 10 Clair 19.8 °API System Test
2 90% W50 10 Clair 19.8 °API Repeated Run-1
3 90% W50 10 Clair 19.8 ‘API Experiment at 50 bar
4 90% W50 10 Clair 19.8 ‘API Repeated Run-3
5 90%
W150
10 Clair 19.8 ‘API Experiment at 100 bar
6 90% W50 10 Clair 19.8 ‘API Repeated Run-5
7 90% W50 10 Australian 40.2‘API Light Australian Oil Test
8 90% W50 10 Australian 40.2‘API Light Australian Oil Test at Lower 
Flux Rate
The 1D combustion tube and 3D combustion cell experimental parameters are summarized in
the table 4.7a and 4.7b. 1D Combustion tube Runs 5 and 6 used an air flux 60 m3/m2 hr and
operating pressure 75 to 100 bars, respectively. The higher initial water saturation in the two 
combustion tube Runs 7 & 8 with the Australian crude, represent condition of water-flooded 
reservoir.
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I n i t i a l  o i l  
S a t u r a t io n
Swi,
I n i t i a l
W a te r






Ig n itio n  T im e
min.
1 50 0.60 0.40 80 *
2 50 0.60 0.40 80 *
3 50 0.60 0.35 80 17
4 50 0.60 0.35 80 20
5 100 0.48 0.28 80 33
6 100 0.60 0.35 80 24
7 70 0.41 0.50 63
8 70 0.45 0.50 63




P o r o s i t
y





D e s i g n
F l u x ,
m3/m2 hr
P r o b l e m s  E x p e r i e n c e d  d u r i n g  
t h e  E x p e r i m e n t s
1 0.366 1004 50 Leaking Nitrogen increased the tube 
pressure
2 0.366 1004 50 Terminated due to PRVG2 valve 
failure
3 0.366 1004 50 50 Sand pack pressure drop as high as 2 
bars
4 0.366 1004 50 50 Top tube connection leaking, lowering 
the effective influx
5 0.4252 616 75 60 Finer W150 sand was used. The shell 
leaked excessively above 95 bars and 
the operating pressure was reduced to 
75 psia.
6 0.366 1004 100 60
7 0.366 1004 70 30 - 100
8 0366 1004 70 20
A summary of the experimental results for the medium and light oil high-pressure experiments 
are summarized in table 4.8.






















M a x i m u m




3* 72 19 50 65 -85 14.4 700
4 115 18 50 13 11.2 500
5 93 26 75 60 15.3 600
6 247 56 100 60 20.2 504
7 145 64 70 2 0 -8 31 255
8 330 68 70 2 0 -8 16.3 250
* Not selected for simulation study due to operative disturbance.
4 .1 2  C o m b u s t io n  C e ll E x p e r im e n ts .
Seven 3D combustion cell experiments were performed by Al-honi (M. A. Al-honi, 1977) using 
Clair medium petroleum. The conditions of 3D combustion cell experiments are given in the
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table 4.5b. Consolidated coarse sand has been used in the combustion cell experiment 5 and 
unconsolidated in the rest of them. The 3D combustion cell experimental conditions are 
summarized in the table 4.6b. The 3D combustion cell experimental parameters are 
summarized in the table 4.7b.





Layer Sand Type Oil Objectives
Sand Grade Clay
%
1 1 Coarse 90% W50 10 Clair i9.8°api, 200cp @ 
25°C
Homogeneous high 
permeability coarse sand 
pack with clay
2 1 Coarse 95% W50 5 Clair 19.8“API, 200cp @ 
25°C
Homogeneous high 
permeability coarse sand 






Clair 19.8-api, 200cp @ 
25”C






Clair 19.8°api, 200cp @ 
25*C
Repeation of the layering 






3 Clair i9.8"APi, 200cp @ 
25°C
Study of the performance 
of synthetic coarse 
consolidated sand pack
6 1 Fine 90% W50 10 Clair 19.8°api, 200cp @ 
25°C
Homogeneous low 











Clair i9.8°api, 200cP @ 
25”C
Evaluation of multi-layer 
effect. Steal layer






C o n f ig
u -




S o i,In it
ia l  o i l
S a t u r a t i
o n
S w i,In itia l
W a t e r
S a t u r a t io n





Ig n itio n  T im e
min.
1 HIHP 2.7 0.49 0.29 80 *
2 HIHP 2.7 0.49 0.29 80 *
3 H IHP 2.7 0.49 0.29 80 17
4 H IHP 2.7 0.49 0.29 80 20
5 HIVP 4.4 0.49 0.29 80 33
6 HIHP 2.7 0.49 0.29 63
7 H IH P 2.7 0.49 0.29 63
"Numerical Simulation of Air Injection Processes in High Pressure Light and Medium Oil Reservoirs.",
Chapter-4, John Tingas 9/3/2000





L a y e r P o r o s i t
y
P e r m e a





D e s i g n
F l u x
m3/m2 hr
Problems Experienced during 
the Experiments
1 1 0.366 1004 2.7 5
2 1 0.381 1049 2.7 15
3 1 0.366 1004 2 . 7 5
2 0.425 616
4 1 0.425 616 2.7 5
2 0.366 1004
5 1 0.157 997 4.4 5
6 1 0.425 616 2.7 5
7 1 0.425 616 2.7 5
2 0366 1503
3 0.425 616
4 .1 3  D a ta  In p u t  fo r  S im u la t io n  o f  C o m b u s t io n  T u b e  E x p e r im e n ts .
Clair medium o il (19.8°API) & Australian Liaht Oil (42 °API)
The combustion tube experimental test data for the 1D Clair oil simulation studies are summarized in the columns 
of the runs 4,5 and 6 and for the light Australian crude in columns of the runs 7 and 8 in table 4.9 below:
TABLE-4.9 ID  COMBUSTION TUBE EXPERIMENT DATA
RUN-4 RUN-5 RUN-6 RUN-7 RUN-8
PERMEABILITY md 1004 616 1004 1004 1004
POROSITY 0,366 0,4252 0,366 0,366 0,366
SAND CONTENT 0,90 0,90 0,90 0,90 0,90
CLAY CONTENT 0,10 0,10 0,10 0,10 0,10
INITIAL WATER SATURATION, S*, 0,35 0,28 0,35 0,50 0,50
INITIAL OIL SATURATION, S« 0,60 0,48 0,60 0,41 0,45
INITIAL GAS SATURATION, SQi 0,05 0,24 0,05 0,09 0,05
CYLINDER CAPACITY sm3 i i , 4 11,4 11,4 11,4 11,4
INITIAL PRESSURE, P, MPa 5 7,5 10 10 7
MAX. CYLINDER SUPPLY PRESSURE, Ps MPa 23 17 23 23 23
INITIAL TEMPERATURE, T, °C 80 80 80 63 63
ESTIMATED IGNITION TEMPERATURE, Tian °C 350 350 350 350 350
AIR INJECTION RATE, Q; sm3/m 2
hr
13 60 60 2 0 - 8 2 0 - 8
4.13.1 Sand Pack Petrophysical Properties.
Porosity 0.366 and permeability 1004 md were assumed as the petrophysical 
properties of the sand pack in the 1D combustion tube experiments with the 90% W50 sand 
and 10% clay. As an exemption, the permeability in run-5 was 616 md, where 90% W150 sand 
and 10% clay has been used (table 4.5a). These are measured experimental values for this 
type of sand pack. (Table 4.2 & 4.3) Although the table values may not match exactly the 
actual values of the sand packs used in the experiments, they are expected to be good 
estimates. Nevertheless, due to the uncertainty in their values, permeability and porosity have 
been chosen as history match sensitivity parameters.
The two-phase relative permeability curves for the sand pack were not available from 
laboratory experiments. Instead correlations were used. The temperature effect on the
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permeabilities, and the oil-water emulsion permeability effect have been ignored. Uncertainties 
regarding end point effects and the precise relative permeability data itself justified their use as 
sensitivity parameters.
No temperature dependence of relative permeability or capillary pressure is 
assumed in the simulation runs. The light and medium petroleum combustion front 
displacement conditions are at least partially in the miscible region, and therefore, 
miscible/immiscible relative permeability models have been introduced. In immiscible 
displacement capillary forces dominate viscous forces at pore scale level and one set of 
relative permeability functions may be used regardless of the flow rates or interfacial tensions. 
In miscible displacement, the relative permeability functions are no longer constant but 
become functions of the capillary number. In the extreme case that the capillary number 
becomes infinite, viscous forces alone govern the distribution of the phases and the capillary 
properties of the porous medium are not relevant anymore. Then the miscible relative 
permeability functions reduce to straight lines and their values for a given saturation value are 
significantly higher than the corresponding immiscible values. Miscible and immiscible relative 
permeabilities used in 1D combustion tube and 3D combustion cell experiments are presented 
in figure 4.6
0,4
















0,2 0,3 0,4 0,5 0.6 0,7 0,8 0,9 1
4.13.2 PVT Characterization.
Light oil in-situ combustion performance at high pressure is quite different from 
heavy oil, low-pressure in-situ combustion. The PVT characterization package of a thermal
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simulator is severely tested because of extensive mass transfer between phases. A 
compositional EOS approach with significant number of pseudo-components is required in light 
petroleum non-isothermal simulation, because of continuous composition changes due to 
extensive mass transfer between the liquid and the gas hydrocarbon phases and the chemical 
reactions involved. A compositional Equation of State (EOS) approach or a tested k-value 
correlation are necessary to calculate k-values, because of the high accuracy required to 
simulate extensive mass transfer between phases. Three and four hydrocarbon pseudo­
components tested in the PVT characterization of combustion tube experiment design and 
history match simulation runs. At least 4 pseudo-components were considered necessary for 
light petroleum ISC processes.
The combustion tube experiments are simulated using the PVT properties of 
light Australian and medium Clair oil based on the compositions in the table 4.10. The data are 
based on a boiling point characterization curve obtained from a gas chromatograph analysis 
(American Standard 5308). The Carbon numbers are obtained by assuming a normal paraffin 
composition corresponding to a part of the boiling point range. This approach is not as 
accurate as a complete compositional analysis distinguishing alkanes and aromatics, and 
therefore, it has an impact on combustion tube history match quality.
A k-value pseudo-compositional or compositional EOS approach with 
significant number of pseudo-components is required for light oil non-isothermal simulation. 
High numbers of pseudo components are required because of the extensive mass transfer 
between the liquid and the gas hydrocarbon phases. Three hydrocarbon pseudo-components 
for a PVT characterization of oils in a combustion tube simulation are considered insufficient.
A minimum of four hydrocarbon pseudo-components is required. This is achieved by splitting 
the Cn+ pseudo-component of the heavy ends into two further pseudo-components, Cn-20 and 
C21+ and thus including CH4 in field scale studies as a separate the hydrocarbon pseudo­
components are increased to 5 components. However, since the CH4 concentration in the 
separator stabilized oil sample used in the combustion tube experiments is very low, it is not 
required as a separate component. Hence, CH4 has been included in the C1-5 pseudo­
component only in the combustion tube experiment. In field scale studies, CH4 used as the 
fifth hydrocarbon component.
"Numerical Simulation of Air Injection Processes in High Pressure Light and Medium Oil Reservoirs.",
Chapter-4, John Tingas 9/3/2000
135
TABLE-4.10 DEAD OIL COMPOSITION
Carbon CLAIR OIL LIGHT AUSTRALIAN OIL















K-values functions of temperature and pressure based on the Peng-Robinson 
EOS approach have been calculated to characterize the fluid phase behaviour in medium and 
light oil thermal processes. However, for the hydrocarbon systems studied Standing’s and 
Wilson’s correlations are very good approximations and adequate for the simulation studies. 
K-values are used in tables in ‘STARS’ the CMG non-iso-thermal simulator, and therefore, K- 
values functions of temperature and pressure based on Wilson’s and Standing’s correlations 
have been calculated and used in the K-value table data input in ‘STARS’, which evaluate 
pseudo-component distribution in the phases. Correct lumping of the hydrocarbon 
components into pseudo-components is crucial in predicting the hydrocarbon phase behaviour 
in light oil thermal processes. Because of the increasing importance of the interaction between 
lighter hydrocarbon components and flue gases of the oil phase of more volatile petroleum, a 
fully compositional EOS approach would be preferable.
Five petroleum pseudo-components are considered sufficient to simulate the 
crude oil vaporization accurately. Tables 4.11 and 4.12 summarize pseudoization approach 
adopted in this study. The total number of the components and pseudo-components used is 
10 in the STARS simulation and 6 in the BUISCOM model studies.
TABLE-4.11
DISTRIBUTION OF COMPONENTS AMONGST PHASES IN  STARS MODELS
PSEUDO-COMPONENT WATER PHASE PETROLEUM PHASE GAS PHASE SOLID PHASE
1. WATER W1 Y1
2. C21+ X2 Y2
3. C l l -2 0 X3 Y3
4. C6-10 X4 Y4
5. C l-5 X5 Y5
6. C02 W6 X6 Y6
7. N2 X7 Y7
8. 0 2 Y8
9. CO Y9
10. COKE 1.0
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TABLE-4.12
DISTRIBUTION OF COMPONENTS AMONGST PHASES IN BUISCOM MODELS
PSEUDO-COMPONENT WATER PHASE PETROLEUM PHASE GAS PHASE SOLID PHASE
1. WATER 1.0 Y1
2. Heavy Oil C6+ X2 Y2
3. Light Oil C1-5 X3 Y3
4. Inert Gas (C 0 2 .N 2 ) Y4
5. 0 2 Y5
6. COKE 1.0
The calculated properties of the pure components and pseudo components are summarized in table 4.13.
TABLE-4.13 PURE AND PSEUDO COMPONENT PROPERTIES
PSEUDO­
COMPONENT
MOLECULAR WEIGHT CRITICAL PRESSURE 
psi
CRITICAL TEMPERATURE °F
1. WATER 18 3155 705.7
2. C21 + 447.53 142.83 833.11
3. C11-20 218.38 266.4 825.34
4. C6-10 110.29 382.32 548.2
5. C1-5 72.15 488.1 385.47
6. C 0 2 44.01 1071. 87.56
7. N2 28.01 500. -232.84
8. 0 2 32 730. -181.72
9. CO 28.01 507.5 -220.78
10. COKE
Oxygen and Carbon monoxide are assumed to be the two non-condensable
gases. This assumption can be justified by the reactivity of both O2 and CO, which does not 
allow excessive concentration of these gases in the liquid petroleum phase. Nitrogen and 
carbon dioxide are considered as soluble in the liquid petroleum phase according to the 
prevailing conditions and the calculated K-values. Simplified assumptions for CO2, N2 and O2 
have been assumed in the BUISCOM PVT characterization, where CO2 and N2 have been 
combined as one inert gas pseudo-component. Coke is separate solid component.
4.13.3 Oil Viscosity.
The following correlation, given in equation 4.1, has been used in liquid phase 
viscosity calculations as functions of the temperature.
Hi = a, expbi/T (4.1)
where, m = the liquid phase viscosity of the pseudo-component i and ai and bj the first and the 
second coefficients of the correlation.
Cracking and partial oxidation reactions generate a wide spectrum of chemical 
compounds affecting in solution the liquid phase viscosity. This way, viscosities are high 
uncertainty parameters and their use as sensitivity parameters can be justified. Therefore, 
viscosity has been modified as required in order to match experimental data.
The correlations given by equation 3.59 and 4.1 have been used to calculate 
the liquid phase viscosity as a function of temperature. The correlation constants ai and bj of
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1. WATER 0.007520 2492.75
2. C21 + 0.132683 1478.32
3. C11-20 0.132823 1295.32
4. C6-10 0.152296 852.66
5. C1-5 0.190248 478.51
6. C 02 0.044126 1040.54




4.13.4 Stoichiometry, Thermochemistry and Chemical Reaction 
Kinetics.
The enthalpy of reactions have been calculated from values of bond and 
atomization energies, accounting for the resonance energy when stabilized compounds such 
as C6H6, C02, CO etc are involved. However the hydrocarbons were characterized as alkanes 
and the aromatic content was assumed equal to zero. The reaction enthalpies from bond 
values and atomization energies are first useful estimates of simulation data of combustion 
tube experiments. Hence, enthalpies of reactions can be used as history match parameters 
due to their uncertainties.
Both direct hydrocarbon oxidation and indirect oxidation with cracking and 
coke formation and oxidation in two stages to CO and C02 have been assumed as 
hydrocarbon combustion processes for light and medium petroleum reservoirs. The first 
estimates of the chemical reaction kinetic parameters of pseudo-components have been based 
on published values for alkanes with zero aromatic content. (Adegbeson, Donelly, Moore & 
Berinson 1983) The high uncertainty of the numerical values of chemical reaction kinetic 
parameters, such as the reaction frequency factors and the activation energies, justify their use 
as sensitivity parameters.
The fuel available may, or may not, be solely in the form of coke. Direct 
hydrocarbon oxidation has been assumed as a reasonable assumption for light and medium 
petroleum. Supported by evidence of coke formation in Clair and Australian light oil 
combustion tube experiments, direct oxidation and combined parallel cracking reactions with 
coke formation have been assumed in the chemical reaction characterization. Post-burn 
sands from the Clair and the Australian experiments were visually examined for residual coke. 
All the post-mortems, showed the formation of a thin coke layer (1-2 mm) in regions where the
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combustion front was advancing. The thin nature of the layer made it difficult to measure the 
amount of coke.
Oxidation of hydrocarbons occurring in two stages to CO and CO2 has been 
introduced. This way, chemical reaction kinetic parameters can be used to match the simulated 
and observed CO I CO2 ratios. The ten chemical reactions used for the chemical reaction 
characterization are summarized in table 2.1, chapter 2, and their stoichiometry are 
summarized in tables 4.15 to 4.18.
TA BLE-4.15
CLAIR M E D IU M  O IL -C H E M IC A L REACTION S TO IC H IO M E TR Y  CRACKING REACTIONS
C2I» HEAVY PETROLEUM CRACKING TO C2-CS ft COKE
C 31.750 H 66.525 -> 351118 















DH *  0,0 KJ/MOLE
18.056.4 9.444.9
C21. HEAVY PETROLEUM CRACKING TO C l 1-C20 ft COKE
C 31.750 H 66.525 -»  1.92572 















DH *  0.0 KJ/MOLE
26.001.3 1.500.1
C2W HEAVY PETROLEUM CRACKING TO C6-C10 ft COKE
C 31.750 H 66525 -»  3.12557 c 7.74 H 17,4142 * 7.56 C 1 H 1.6









DH *  0.0 KJ/MOLE
22.501.1 5.0005
C11-C20 HEAVY PETROLEUM CRACKING TO C2-CS ft COKE 
C 15510 H 32.661 - »  152331 















D H * 0.0 KJ/MOLE
9.3765 4.125.6
C l I-C20 HEAVY PETROLEUM CRACKING TO C6-C10 ft COKE
C 15.310 H 32.661 -»  162307 

















C4-C10 MEDIUM PETROLEUM CRACKING TO C2-S ft COKE
C 7.740 H 17414 -> 1.12337 

















The reaction stoichiometry and stoichiometric coefficients are calculated for 
hydrocarbon pseudo-components from their composition and are summarized for both Clair 
and Australian light petroleum in the tables 4.15 and 4.16 for Clair and 4.17 and 4.18 for light 
Australian oil . In all cases, the stoichiometric material balance was validated and zero 
material balance error has been reported in simulation runs initialized in STARS.
Reaction enthalpies have been initially calculated from bond energies. 
Chemical reaction kinetic parameters have been initially introduced from published data. The 
chemical reaction kinetic parameters and reaction enthalpies were used as history match 
parameters. The chosen history match sensitivity parameters are the reaction enthalpies,
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frequency factors and the activation energies. This way the simulated combustion front 
temperatures and the temperature profiles were matched with the experimental values. 
Simulation results are sensitive for a short period to the ignition heating rates, especially before 
and immediately after ignition.
T A B LE -4.16
CLAIR M E D IU M  O IL -C H EM IC A L REACTION S TO IC H IO M E TR Y  CO M BUSTIO N REACTIONS




H 4 + 02
32
-48
—> 2 H20 ♦ 
18 
36
1 CO 1 
28 
28 D/MASS) 0
H KJ/MOLE 1653.6 




C2-C5 UGHT PETROLEUM BURNING TO CO
C 4.976 H 12.4397 
H/C RATIO 2.5 
MW 72.15 
MASS BALANCE -72,15
♦ 5 59784 0 2
32
•179.13
-> 6,21983 H20 ♦ 
18
111.957








C6-C10 MEDIUM PETROLEUM BURNING TO CO
C 7,740 H 17,4142 
H/C RATIO 2.25 
MW 110.29
♦ 8.22338 0 2
32
—> 8.70711 H20 ♦ 
18
7.73965 CO 1 
28
MASS BALANCE -110.29 •263.15 156.728 216.71 D/MASS) -3E-14
9890.1




C11-C20 MEDIUM PETROLEUM BURNING TO CO
C 15.310 H 32.6611 






-> 16.3306 H20 *  
18
293.95








C21. PETROLEUM BURNING TO CO
C 31.750 H 
H/C RATIO 2.09524 
MW 447.53 
MASS BALANCE -447.53
66.5247 ♦ 32.5064 02
32
-1040.2
-> 33.2624 H20 *  
18
598.723










H/C RATIO 16 
MW 136 
MASS BALANCE -13,6
H 16 0.9 0 2
32
•28.8




















—> 1 CO 2 
44 
44 D<MASS) 0
H KJ/MOLE 1075.3 
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TA B LE-4.17
AUSTRALIAN L IG H T O IL -C H E M IC A L REACTION S TO IC H IO M E T R Y  CRACKING REACTIONS
C21+ HEAVY PETROLEUM CRACKING TO C2-CS A COKE
C 21.337 H 44.0514 ->  4,97537 
















OH *  0.0 KJ/MOLE
C2W HEAVY PETROLEUM CRACKING TO CH4 & COKE
C 21.337 H 44.0514 ->  4.12982 c 1.000 H 4 * 172076 C 1 H 1.6
H/C RATIO 2.06452 4 19
MW 300.10 16 1390
MASS BALANCE -300.1 66.0771 234.0229 D(MASS) 2.8E-14
18.210.8 6.829,1 11.381.8
DH = 0.0 KJ/MOLE
C21+ HEAVY PETROLEUM CRACKING TO C4-C9 A COKE
C 21.337 H 44,0514 ->  3.16824 c 7,415 H 16.8263 ♦ 8.25931 C 1 H 1.6
H/C RATIO 2.06452 2.26936 1.6
MW 300.10 105.801 13.60
MASS 8ALANCE -300.1 335.203 112.3266 D<MASS> -IE-14
18.210.8 22.038.3 5.463.0
DH = 0.0 KJ/MOLE
Cl 0-C20 HEAVY PETROLEUM CRACKING TO C2-C5 A COKE
C 11.337 H 24.2938 ->  2.58365 c 2.959 H 7.89401 * 796613 C 1 H 1.6
H/C RATIO 2.14286 2.66823 19
MW 160.34 43.3963 13.60
MASS BALANCE -160.34 112.121 104.2593 D(MASS) 4.3E-14
10.043.0 8.431.4 5.070,7
DH * 0.0 KJ/MOLE
CI0-C20 HEAVY PETROLEUM CRACKING TO CH4 A COKE
C 11.337 H 24.2938 - >  2.56434 c 1.000 H 4 ♦ 8.77275 C H 19
H/C RATIO 2.14286 4 19
MW 160.34 16 1390
MASS BALANCE -160.34 41.0295 119.3094 D/MASS) 0
10.043.0 4.240.4 5.802.6
D H * 0.0 KJ/MOLE
C4-C9 MEDIUM PETROLEUM CRACKING TO C2-3 A COKE
C 7,485 H 169866 -» 1.59183 c 2.959 H 7.89401 * 3.03018 C H 19
H/C RATIO 226936 2.66823 15
MW 106.81 43.3963 1390
MASS BALANCE -106.81 69.0795 41,21051 CKMASS) 7.16-15
7.022.3 5.194.7 2.004J
DH *  0.0 KJ/MOLE
Simulation of the phenomena involved in the auto-ignition processes is 
considered to be accurate for auto-ignition predictions in petroleum reservoirs. At combustion 
tube experiment temperatures the reaction enthalpies released at low oxidation rates were not 
adequate to increase the temperature sufficiently to achieve ignition. Auto-ignition has not 
been observed in combustion tube experiments. At higher temperatures, i.e. at reservoir 
temperature, the released enthalpy at low oxidation rates was sufficient for ‘Clair’ and 
Australian light crude to achieve auto-ignition, as it has been predicted in the field scale 
simulation runs. Simulation runs in agreement with experimental data predict lack of auto­
ignition at the combustion tube conditions, and auto-ignition at the field scale for both light 
Australian and Clair types crude. Field data are not available to validate auto-ignition at field 
conditions.
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T A B LE -4.18
AUSTRALIAN L IG H T O IL -C H E M IC A L REACTION S T O IC H IO M E T R Y  CO M BUSTIO N REACTIO NS
CH4 GAS BURNING TO CO
C 1 H 
MW 16 
MASS BALANCE -16
4 ♦ 1.5 0 2  ->  
32 
•as






H KJ/MOLE 1653.6 




C2-C5 LIGHT PETROLEUM BURNING TO CO
C 2.950 H 7.8703 
H/C RATIO 2.66823 
MW 43.27 
MASS BALANCE -43.266
♦ 3.44238 0 2  -»
32
-110.16











C6-C9 MEDIUM PETROLEUM BURNING TO CO
C 7.485 H 16.987 
H/C RATIO 2.26936 
MW 106.81
♦ 7.98925 0 2  -»  
32




MASS BALANCE -106.81 -255.66 152.88 209,586 IXMASS) 0
9624.9




C10-C20 MEDIUM PETROLEUM BURNING TO CO
C 11.337 H 24.294 ♦ 
H/C RATIO 2.14286 
MW 160.34 
MASS BALANCE -160.34
11.742 0 2  ->  
32
-375.74
12.1469 H20 ♦ 
18
218.644








C2\ + PETROLEUM BURNING TO CO
C 21.337 H 
H/C RATIO 2.06452 
MW 300.10 
MASS BALANCE -300,1
44.051 - 21.6815 0 2  ->
32
-693,81
22.0257 H20 ♦ 
18
396.462









C 1.000 H 
H/C RATIO 14 
MW 13.6 
MASS BALANCE -13.6
1,6 ♦ 0.9 0 2  -»
32
-28.8












C 1 O  
MW 12 16 
MASS BALANCE -28
1 - 0.5 0 2  -»  
32 
-16
1 CO 2 
44 
44 D(MASS) 0
H KJ/MOLE 1075.3 




4 .14  1 D a n d  3D  C o m b u s t io n  E x p e r im e n t  S im u la t io n s .
4.14.1 ID  Combustion Tube Simulation using 'BUISCOM' the 
Bath University Non-iso-thermal Simulator.
BUISCOM, a 2-Dimensional black oil non-iso-thermal numerical simulator was 
developed at the university of Bath to simulate in-situ combustion oil recovery processes and it 
was designed to handle heat transfer by convection and conduction within the reservoir, 
conductive heat losses to adjacent strata, and gravity and capillary pressure effects.
BUISCOM accounts for the flow of gas, oil and water as well as the formation of solid coke. 
Water, heavy oil, light oil, oxygen, inert gas (CO2 and N2) and coke are characterized by 6 
pseudo-components in BUISCOM simulation runs. Chemical reaction characterization 
includes 4 chemical reactions for coke formation from the heavy hydrocarbon component and 
combustion of coke.
The simulator has successfully simulated heavy oil at low pressure in 1D 
combustion tube experiments. (A. R. Bahadir Ph.D. Thesis, 1994). In spite of constraints in 
the PVT characterization, the pseudoization procedure and the chemical reaction
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characterization, an attempt was made to simulate the high pressure light and medium 
petroleum 1D combustion tube experiments with Clair and light Australian crude. BUISCOM 
initialization problems and numerical instability of the high pressure light and medium 
petroleum 1D combustion tube experiments with Clair type petroleum and light Australian 
crude were extensively studied. Initialization problems and numerical instability were due 
extensive mass transfer between the phases in high pressure light and medium petroleum 
ISC, and consequent inability to model ihe increased mass transfer effect.
Due to the initialization and numerical instability problems simulating light and 
medium petroleum at high pressure in BUISCOM, numerical simulation work was continued in 
STARS by CMG. Taking into account the robust algorithmic basis of BUISCOM, it is 
recommended to upgrade the black oil PVT section of the Bath University non-iso-thermal 
numerical reservoir simulator to a k-value pseudo-compositional or a fully EOS compositional 
version. Further upgrades from 2D to 3D and upgrade of the chemical reaction 
characterization section to the equivalent of this section in STARS will provide the minimum 
requirements to simulate 1D and 3D combustion experiments and a rigorous basis for 
validation of BUISCOM against STARS. A non-iso-thermal numerical simulator, such as an 
upgraded BUISCOM version, available as a source code will be a valuable tool in air injection 
ISC research at the University of Bath.
4.14.2 ID  Combustion Tube Simulation using 'STARS'.
Numerical 1D simulation models have been initialized with ‘STARS’ to study 
combustion tube experiments. Initially 64 grid blocks in 1D were used in simulation 
combustion tube studies, where 2 grid blocks correspond to one thermocouple spacing. The 
number of the simulation grid blocks was increased afterwards to 96 and 128 grid blocks to 
reduce grid block sensitivity and comparative results of experimental temperature values 
against calculated temperature values in simulation studies with 64 and 128 grid blocks are 
presented in Figure 4.7. The simulation runs used light oil PVT characterization, initially with 4 
components, and finally expanded to 5 pseudo-components.
The combustion tube experimental values were matched with calculated 
simulated values of the matched parameters. Optimum values of history match sensitivity 
parameters in simulation studies were chosen to achieve history match. Comparative results 
are presented in figure 4.7 and 4.8 and more in detail in figures 4.43 to 4.52 for RUN-6, and in 
figures 4.61 to 4.69 for RUN-8. The pseudo-component equilibrium K-values and the chemical 
reaction kinetics are the most important parameters affecting the combustion front speed and
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peak temperature. The fuel deposition mechanism, the fuel composition, the locations and 
sizes of the transient zones depend on the crude oil and sand pack properties. Simulation 
results were sensitive to the K-values of the light hydrocarbon pseudo-component but less 
sensitive to the K-values of the heavy hydrocarbon component.
The formation of two fronts was predicted, one low temperature displacement 
steam bank followed by the high temperature combustion front. The extent of the combustion 
front coincided with the temperature peaks. The generation of the two displacement fronts is 
demonstrated in the combustion tube experiment graphs of oil, gas and water saturations 
versus the combustion tube grid block number figures 4.10 to 4.16 for run-8, 4.21 to 4.26 for 
run-6 and 4.28 to 4.34 for run-5. The results as presented show a very good correlation of the 
combustion front temperature and saturation fronts.
The formation of low temperature front is due to nearly-miscible gas drive 
conditions and air or flue gas stripping of the petroleum phase. The high temperature and high 
hydrocarbon saturation fronts ahead of the combustion front are formed, because of steam 
distillation of the hydrocarbons in the steam zone upstream of the combustion front.
Simulation history match was satisfactory. However, experimental sand pack 
petrophysical data, more advanced front tracking simulation capabilities an extended chemical 
reaction characterization including the shift reaction and further investigations of the catalytic 
effect of the sand pack or of the reservoir rocks on reaction kinetics of the cracking and 
combustion reactions are needed to further improve simulation history match results.
4.14.3 3D Combustion Cell Simulation using 'STARS'the CMG
Non-iso- therm al Simulator.
Numerical simulation techniques have been used to study combustion cell 
experiments and STARS 3D models having dimensions 21*23*3 and 1449 grid blocks in total 
were developed. The 3D combustion cell experiment simulation runs used the same light oil 
PVT characterization with 5 pseudo-components as in 1D combustion tube experiments. Also 
the same chemical reaction characterization as in 1D combustion tube experiments was used. 
The main objective of the 3D combustion cell experiment simulation was to validate, the PVT 
and the chemical reaction characterization at the 3D displacement processes and the lower 
pressure of the 3D combustion cell experiments.
Combustion cell runs were simulated with air flux according to the 
experimental data. The combustion cell experimental values were matched with calculated 
simulated values of the matched parameters for chosen optimum values of sensitivity
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parameters in simulation studies. The history match results are presented in Figures 4.40,
4.41 and 4.42. The matched parameters and the sensitivity parameters in 3D combustion cell 
experiment simulation runs were identical to the parameters chosen in 1D combustion tube 
experiment simulations. In both cases, the high uncertainty parameters were chosen as 
history match sensitivity parameters. Also, the same main variables, such as peak 
temperature, temperature and saturation profiles are the choices of the history matched 
parameters. Simulation results denoting satisfactory history match validated the PVT, the 
chemical reaction characterization and 3D displacement processes at the conditions of the 
combustion cell experiments.
Also in 3D combustion cell experiments, the formation of two fronts was 
predicted as one low temperature displacement steam bank followed by the high temperature 
combustion front. The results show a very good correlation of the combustion front 
temperature against saturation fronts.
4.15 Simulation Grid Block Size Sensitivity.
4.15.1 ID  Combustion Tube Experiment Simulation Grid Block Size 
Sensitivity.
Simulation studies of the combustion tube experiments were initialized in 
‘STARS’ with 64 to 128 grid blocks in 1D. Reasonable simulation time steps and running time 
have been experienced with 64 grid blocks but front tracking was considered insufficient. The 
simulation of the combustion tube experiments were repeated in 1D by increasing the grid 
blocks from 64 to 96 and 128. Grid block size sensitivities indicated that a grid block system 
finer than the system with 64 grid blocks was required to eliminate the grid block size 
sensitivity effect. Finer grid block system was mainly required to improve front tracking.
Experimental data of temperature profiles were based on measurements from 
32 thermocouples. The same minimum number of grid blocks is required for one grid block per 
thermocouple assuming that the average grid block temperature represents the temperature 
measured by the thermocouple. Twice as many, 64 grid blocks, are required to provide one 
grid block separating thermocouple grid blocks. Finally, the grid block volume has to be 
comparable to the volume in which the thermocouple is measuring its temperature.
Comparison of the simulation results with 64,96 and 128 grid blocks showed 
grid block size effect sensitivity, as it is demonstrated in the Figure 4.7 and 4.8 and satisfactory 
history match of grid block temperatures in simulation runs with 96 grid blocks is presented in
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Figures 4.43 to 4.52. The comparison indicates a grid block effect on the temperature profile 
and front speed. Therefore, it was considered necessary for front tracking to use 96 or 128 
Cartesian grids (8.862cm*8.862cm*0.977cm) in 1D light petroleum combustion tube 
experiment simulation runs, because of sharp temperature and saturation fronts. Flame 
extinction has not been observed for the examined grid block range. Insufficient front tracking 
is obvious in short time as it is presented at 10 minutes in Figure 4.7 and deteriorates fast as it 
is presented at 30 minutes in Figure 4.8.
750
COMBUSTION TUBE EXPERIMENT RUN-S
s im u la te d  w ith  64 & 128 g r id  b lo c k s
TEMPERATURE MATCH AT 10 MINUTES
700
650
OBSERVED TEMPERATURE oC (10 MIN.)
550
TEMPERATURE oC (10 MIN.) -128 GRID BLOCKS500
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Figure 4.7: Comparison of Observed and Calculated Combustion Front Temperature Peaks 
at 10 Minutes
In a number of simulation runs with 128 grid blocks, numerical stability 
problems were experienced due to the small size of the grid blocks and the associated sharp 
temperature and saturation changes. Very small time steps are required for convergence with 
air injection rates of 0.14 sM3/hr (5 SCF/hr) and higher. Time step chopping to very short time 
steps (about 10^ minutes) were experienced in simulation runs with a finer grid resolution due 
to higher number of grid blocks passed by the front in the unit time and to sharper temperature 
and saturation changes in smaller grid blocks. In this case, a compositional EOS approach is 
absolutely necessary, because of the sharp temperature and saturation fronts. Numerical 
control techniques available in STARS are sufficient and have been effectively used. Two 
separate numerical control techniques, a standard one and a second for the combustion front 
with front tracking could improve numerical stability and reduce excessive time step chopping.
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Figure 4.8: Comparison of Observed and Calculated Temperature Combustion Front Peaks 
at 30 Minutes
4.15.2 3D Combustion Cell Experiment Simulation Grid Block Size 
Sensitivity.
Initially 16*16*1 grid blocks in 3D were used by M. A. Al-honi to simulate this 
combustion cell experiments. (M. A. Al-honi, 1997) The grid blocks were increased in this 
study to 21*23*3 to reduce grid block sensitivity, to increase the number of grid block between 
wells to a minimum of 3 grid blocks and to provide vertical resolution increasing the number of 
the grid blocks vertically from 1 to 3 grid blocks. The total number of the grid blocks was 
constrained to 1449 (21*23*3) because of hardware constraints. Minimum 5 grid blocks 
vertically are considered necessary to study the gravity effects in the heterogeneous sand 
packs used in the combustion cell experiments. Higher numbers of grid blocks areally from 
21*23 to at least 25*27 are necessary to improve front tracking.
4 .1 6  H is to r y  M a tc h  o f  1D  C o m b u s t io n  T u b e  &  3D  C o m b u s t io n  C e ll T e s ts .
4.16.1 The Choice o f the Sensitivity and History match Parameters 
in Combustion Tube Test Simu/tions.
History match was performed by comparing values from the simulation results 
against actual experimental data. Simulated Combustion Tube test values and experimental
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data of light Australian and ‘Clair’ oil have been matched using relative permeabilities and the 
chemical reaction parameters as the history match parameters. The combustion temperature 
profile was chosen as the main history match parameter. Peak temperatures, oxygen content 








0 5000 10000 15000 20000 25000
LAPSED TIME, minutes
Figure ^ .9 : Experimental O2, CO and CO2 concentrations versus time in Run 6.
The measured exit gases were oxygen, carbon dioxide and carbon monoxide. 
(Figure 4.5) Oxygen, carbon dioxide and carbon monoxide concentrations were chosen as 
parameters to be matched and their experimental values were matched with simulation 
calculated values. Chemical reaction kinetic parameters are used as sensitivity parameters to 
achieve reasonable agreement between experimental data and simulation results. (Lin, Chen, 
Lee & Culham, 1984)
Important parameters are identified to be used as matching parameters. The following 
experimental parameters were chosen as matching parameters:
•  The combustion tube temperature profile as a function of time;
• Combustion front peak temperatures
•  Position of the combustion front as a function of time
•  Fuel consumption
• Oxygen consumption
• Oxygen, C02 and CO breakthrough time
•  Cumulative water and oil production
COMBUSTION TUBE EXPERIMENT RUN-6 
02 C02 &C0 EFFLUENT RATE VERSUS TIME
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•  The pressure drops across the tube.
The following high uncertainty parameters were chosen as sensitivity parameters:
•  Miscible/immiscible relative permeabilities and their end points
•  Permeability of the sand pack
• Porosity
•  Chemical reaction enthalpies;
•  Chemical reaction kinetic parameters.
•  Activation energy
•  Pre-exponential frequency factor
•  PVT Characterization
•  Oil Viscosity
4.16.2 History Matching o f ID  Combustion Tube Tests.
The first estimates of the reaction enthalpies have been calculated from bond and atomization 
energies (chapter 3) and the first estimates of the chemical reaction kinetic parameters of the 
pseudo-components were based on calculated values from published data. (Adegbeson, 
Donelly, Moore & Bennson 1983) The values corresponding to successful history match are 
summarized in the table 4.19 below.
All the simulated Combustion Tube tests with the PVT properties of separator 
stabilized oil samples of ‘Clair’ medium oil and light Australian crude have been matched. 
Acceptable history match between experimental data and simulated results of combustion tube 
experiment RUN-6 is demonstrated in Figures 4.7 and 4.8 and more in detail in the 
temperature profiles of Figures 4.43 to 4.52 for RUN-6 and in in the temperature profiles of 
Figures 4.61 to 4.70 for RUN-8. This indicates that the temperature profile can be history 
matched using the relative permeabilities and chemical reaction kinetic parameters as 
sensitivity parameters. Hydrocarbon combustion occurring in stages to CO and CO2, as used 
in the combustion tube simulation studies, has proved to be a very effective approach to match 
predicted to actual CO/CO2 ratios.
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1 C2i+ Crackinq 2.1e5 28000 0
2 C2 1 + Cracking 2.0e5 29000 0
3 C2 1+ Crackinq 2.0e5 31000 0
4 C11-C20 Cracking 2.0e5 27000 0
5 Heavy Oil Burning 3.020el0 13500 10293.9
6 Medium Oil Burning 3.022el0 15500 4920.3
7 Light Oil Burning 3.023el0 15500 2420.2
8 Hydrocarbon Gas Burning 3.023el0 15500 1463.4
9 Coke Burning 3.0e5 5500 461.3
10 Carbon Monoxide burning 1.5e5 3250 2.838E5
Matched parameters include combustion front peak temperature, cumulative
oil, water production histories and location of the combustion front as a function of time.
Figures 4.7 ,4.8 and more in detail Figures 4.43 to 4.52 for RUN-6 and Figures 4.61 to 4.70 for 
RUN-8 provide the temperature profiles, peak temperatures and indirectly front speeds. 
Temperature profiles from simulation runs with 96 grid blocks at various time moments are 
presented in figure 4.32 for RUN-5, figure 4.23 for RUN-6 and figure 4.14 for RUN-8. In 
agreement with experimental peak temperatures initial higher peak temperatures at about 700 
°C after ignition are stabilized at about 300-350 °C for the combustion tube RUN-5 and RUN-6 
and relative lower peak temperature at about 250 °C for the combustion tube RUN-8 due to the 
higher water saturation cooling effect. Temperature profiles from simulation runs with 64 grid 
blocks at various time moments are presented in figure 4.22 for RUN-6 and comparative 
temperature profiles with 64 against 96 grid blocks are presented in figure 4.24. Similar peak 
temperatures at various grid block sizes in figure 4.24 indicate lack of flame extinction.
However, front tracking and satisfactory front speed match require grid block size smaller than 
the corresponding to 64 grid blocks. Figure 4.28 provides temperature and saturation profile 
correlation and proves good correlation of temperature fronts and temperature peaks against 
gas, oil and water saturation fronts. Figure 4.15,4.16 & 4.17 for RUN-8, Figures 4.25 & 4.28 
for RUN-6 and Figures 4.33,4.34 & 4.35 for RUN-5 provide steam saturation and gas, oil and 
water saturation profile correlation with further correlation to temperature profiles proving good 
correlation of temperature and steam fronts. Run-8 saturation profiles at various time 
moments are presented in figure 4.18, for oil saturation profile, figure 4.19, for gas saturation 
profile, figure 4.20, for water saturation profile and figure 4.21, for steam molar fraction profile. 
Predicted trends for combustion front peak temperature, temperature profiles, front speed, 
steam and oil bank development and front propagation agree very well with experimental 
results, as it is demonstrated in Figures 4.7,4.8 and more in detail in the temperature profiles
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of Figures 4.43 to 4.52 for RUN-6 and in the temperature profiles of Figures 4.61 to 4.70 for 
RUN-8. Combustion tube data, such as apparent coke composition, coke formation, 
combustion temperature, and oxygen utilization efficiency were similar to values predicted by 
simulation runs. This satisfactory history match validates the PVT characterization and the 
proposed chemical reaction characterization adopted for light Australian and medium ‘Clair’ 
crude.
Chosen chemical reaction kinetic parameters are satisfactory for the pressure 
range up to 100 bar used in the combustion tube experiments. The matched PVT and 
chemical reaction parameters in RUN-6 used also in simulation runs of the combustion tube 
experiments RUN-4 and RUN-5 at different pressures, are also satisfactory. Chemical 
reaction kinetics and PVT characterization were also satisfactory in low pressure 3D 
combustion cell experiments. Hence, predictions at different conditions, such as higher 
reservoir pressure and up-scaling using numerical techniques can be justified.
The light Australian crude combustion tube experiments, runs 7 and 8 were 
also acceptably history matched with the proposed chemical reaction characterization, as it is 
demonstrated in Figures 4.43 to 4.71. Direct oxidation and lower coke formation characterize 
the light petroleum experiments, runs 7 and 8. In these experiments, the combustion front 
temperature was in the range of 170 - 200 °C lower than in the Clair crude experiments. This 
is due to lower hydrocarbon availability upstream the combustion front because of higher 
hydrocarbon volatility and the cooling effect of the evaporated water at high water saturation. 
These cases represent water-flooded reservoirs, which form a wider steam bank and have 
lower combustion peak temperatures.
4.16.3 History Matching o f 3D Combustion Cell Tests.
The PVT characterization, pseudoization, and chemical reaction 
characterization in the 1-D combustion tube experiments were used in the combustion cell 
experiment history match. The history match of the combustion cell experiments was 
acceptable. Hence, PVT and chemical reaction characterizations and the 3-D displacement 
processes of the combustion cell experiments were validated under lower pressures. Slightly 
lower history match quality than in the 1-D combustion tube experiment history match is due to 
the simulation grid block constraints. History match of 3D processes increases the confidence 
in upscaling laboratory experiments to the pilot or the full field scale. Areal temperature 
profiles and peak temperatures at the three different grid block layer levels are presented in
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Figures 4.40,4.41 & 4.42. Comparison of the temperature profiles at the three grid block layer 
levels reveals gravitational effect and the necessity of sufficient grid block resolution vertically.
4.17 Experimental and History Match Quality.
History match quality depends upon:
1. unavailability of certain categories of data
2. The quality of the experimental data
3. The simulation assumptions
4. The accuracy of the simulator
While the quality of the experimental data was good, lack of categories of data from direct 
experimental measurements of important sand pack parameters such as
•  Porosity
•  Permeability
•  experimental relative permeability data
affect history match quality. In addition lack of fully compositional PVT analysis for both the 
Australian light and Clair crude have impact on the history match quality. Compositional 
analysis provided pseudo-components grouping hydrocarbons having the same carbon atom 
number without distinction between paraffinic and aromatic hydrocarbons. Long crude storage 
period after the PVT analysis is another potential source of discrepancies. Presence of 
oxygenated hydrocarbons are expected to affect thermo-chemical properties like enthalpies 
and also chemical reaction kinetics.
Assumptions in the chemical reaction and PVT characterization constraining 
the number of the chemical reactions and the pseudo-components due to hardware platform 
constraints also affect history match quality. Finally, lack of fully compositional capabilities and 
front tracking have some impact on history match quality. In spite of the above mentioned 
problems history match quality was good and acceptable with standard history match criteria 
such as:
•  Maximum 50 °C peak temperature mismatch
•  Temperature profile matching having maximum 50 °C temperature mismatch and in 
agreement with saturation fronts
•  Maximum 20% discrepancy of actual versus simulated oxygen, CO, C02 breakthrough 
times and saturations
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As it is demonstrated in Figures from 4.32 to 4.39, history match of the 
combustion tube experiment Run-5 was difficult due to experimental problems and the quality 
of the history match was less satisfactory in comparison with Run-6 presented in Figures 4.22, 
4.23 and from 4.25 to 4.31. Combustion tube experimental conditions were also problematic in 
Run-4. The postmortem analysis of the Run-5 experimental results showed that the 
combustion front did not propagate uniformly down the combustion tube but in fact fingered. 
Therefore, the combustion front was possibly not being monitored properly by axial 
thermocouples. Hence, the temperature profiles recorded by the thermocouple are in a certain 
degree misleading and cannot be used for rigorous analysis or history match. However, the 
temperatures measured are still able to highlight regions of steam plateau and a condensation 
front along the central axis of the tube.
After a time period of satisfactory history match of the carbon monoxide, CO, 
outflow concentration the history match quality deteriorated. A potential explanation is 
additional generation of CO via the shift reaction mentioned in chapter 3, which has not been 
included in the chemical reaction characterization. High steam concentration and appropriate 
pressure and temperature conditions favour the shift reaction, which creates extra gas 
volumes including hydrogen, H2, favouring more extensive cracking and hydrogenation. Extra 
gas volumes and more extensive cracking may explain observed deteriorating front speed 
match versus time.
4.18 Simulation Predictions.
High volumetric oil recovery was predicted for all the combustion tube tests. 
Fingering and channelling are very low in combustion tube and cell experiments with 
homogeneous or nearly homogeneous sand-packs, but due to fingering and channelling in the 
field scale, the displacement efficiency is expected to be lower than the calculated for 
combustion tube experiments even in homogeneous reservoirs. In simulation runs of 1D and 
3D combustion experiments, reduction of the water and liquid hydrocarbon phase saturations 
to zero has been predicted in areas swept by the combustion front and it has been presented 
for early time of the combustion tube RUN-6 in figure 4.10, in figure 4.15, 4.16, 4.17 and 4.18 
for selected times of the combustion tube RUN-8, in figure 4.25, 4.26, 4.27 and 4.29 for 
selected times of the combustion tube RUN-6. Reduction of the water and liquid hydrocarbon 
phase saturations to zero is associated with evaporation effects due to high temperature front 
temperature and effective miscible displacement leading to high hydrocarbon recovery. In
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Figures 4.19 for the combustion tube RUN-8 and figure 4.28 for the combustion tube RUN-6, it 
is indicated that in the areas swept by the combustion front where the water and liquid 
hydrocarbon phase saturations have been reduced to zero, gas saturation has increased to 
one.
COMBUSTION TUBE EXPERIMENT RUN-6 
SIMULATED WITH 128 GRID BLOCKKS 
PHASE SATURATIONS AT 10 Min.
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Figure 4.10: Combustion Tube Phase Saturations and Displacement Regions
■trcr 30
at 10 Minutes
It was observed that the temperature of the combustion front decreased at increased air flux 
rates in simulations with a very low permeability sand pack. The lower front temperature is 
achieved because of effective oil displacement and better flue gas stripping, which in turn 
reduces the amount of fuel available for combustion, reducing air injection requirements. To 
the contrary, for heavier oil, increasing combustion front temperature with increasing in air 
injection rate has been reported. (N.K. Baikonov & A.R. Garrushev, 1989). The behaviour of 
the combustion front temperature as function of the air injection rate is very important for 
controlling the combustion front temperature. Thus, there may be a level of reservoir 
permeability, where the control of the combustion front temperature is critical, and it may lead 
to a different air injection strategy depending upon the reservoir conditions.
Another important aspect of control involves establishing the method of
*
combustion front propagation. It has been mentioned that in high-pressure light oil reservoir 
this can occur due to an auto-ignition process. This ‘skipping’ or ‘jumping’ process of auto 
ignition is likely to take place over distances comparable to, or less than, the width of the 
combustion front (~3cm). Unfortunately experimental axial temperature measurements along
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the combustion tube take place every 5cm, and therefore, as it is expected this skipping 
process was not observed. However, if the temperature at one point in the tube is recorded 
high, while the combustion front passes, then a steep increase in gradient (compared to that 
normally expected due to the combustion of deposited coke) and a temperature spike should 
indicate a zone of auto-ignition. A number of temperature spikes have been observed. The 
temperature spikes may indicate combustion skipping. Because the process is somewhat 
random it is difficult to be analyzed or to be measured. Though, by carrying out comparative 
studies at temperature profiles at each axial thermocouple position in the tube as the 
combustion front moves along it, the comparison of these individual graphs over a number of 
runs may be conclusive. In figure 4.9 fluctuations of the experimental measured CO2 and CO 
concentrations may indicate skipping and auto-ignition.
950
COMBUSTION TUBE EXPERIMENT RUN 6 
SIMULATED WITH 112 GRID BLOCKS 
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Figure 4.11: Combustion Tube Temperature Profiles
Yannimaras et al. in 1991 noticed a different type of skipping in his 
experiments with light oil. In this case, a high temperature combustion front could not be 
maintained because of lower oil saturations due to efficient oil displacement. The simulation 
results confirmed light oil research that has shown combustion front ’skipping’. Combustion 
front ’skipping’ and oil re-ignition was also predicted in extended time combustion tube 
experiment design simulation runs. The combustion front temperatures versus grid block 
number or combustion tube length graphs indicate decreasing peak temperatures and oil 
saturation versus time for both light Australian and Clair medium oil. (Figures 4.11 j  This is 
evidence of limited fuel availability at the combustion front. Oil is extremely reactive and the
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phenomenon of combustion front ’skipping’, but not extinguishing and continuously re-igniting, 
occurs.
After a period of cooler combustion front propagation, sufficient fuel again 
became available for further high temperature combustion to take place. This way the 
combustion front appears to ‘skip’ over a distance up to 0.7m.
Low lay down of carbon as coke was predicted especially in the light 
Australian combustion tube experiment simulation runs 7 and 8. Simulation prediction runs 
have also shown that a high API oil does not lay down much carbon as coke, because the 
temperature is not high enough but it is still sufficient to evaporate the liquid petroleum phase 
reducing fuel availability. The light Australian petroleum combustion tube experiments, runs 7 
and 8 reveal that light petroleum ISC processes at high water saturations are associated with 
low combustion tube front peak temperatures in the range of 170 -200 °C. Therefore, the 
cracking and the coke formation reactions diminish while direct hydrocarbon oxidation 
becomes predominant.
4.19 Conclusions
High pressure light and medium petroleum 1D combustion tube experiments and 3D 
• combustion cell experiments have been successfully simulated and matched and the following 
conclusions have been deduced:
1. ISC chemical reaction processes have been characterized by cracking, coke formation and 
oxidation and parallel direct hydrocarbon oxidation. Direct oxidation is the predominant 
mechanism in light petroleum combustion, while indirect oxidation with coke formation is 
the predominant mechanism in heavy petroleum combustion. Oxidation was assumed to 
occur in two stages to CO and CO2, based on chemical reaction mechanism steps and 
allowing chemical reaction kinetic parameters to be used in CO/CO2 ratio matching.
2. Grid block size effect in combustion tube experiment simulation runs was significant and 
fine gridding is necessary for accurate front tracking. Flame extinction problems have not 
been experienced for the investigated grid block size range.
3. Matched parameters evaluated at a specific combustion tube pressure have been 
validated for pressures in the range from 2 to 50 and finally to 100 Bars and for medium to 
high API gravity range from 20 to 40 °API gravity appraised by light Australian and ‘Clair* 
crude oils. The chosen sensitivity and match parameters were appropriate for history
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match and up-scaling. Peak temperatures, temperature profiles and flue gas generation 
were matched for the range of the pressures investigated.
4. Low peak combustion temperature in the range of 170 to 200 °C has been measured in 
combustion tube experiments and matched in simulation studies. Combustion peak 
temperatures at high water saturations are lower due to the absorption of the water latent 
heat of evaporation. Also lighter oil is easily evaporated and displaced ahead of the 
combustion front and therefore, hydrocarbon combustion is reduced.
5. Very efficient light petroleum fluid displacement efficiency has been predicted with zero 
residual hydrocarbon saturations in areas swept by the combustion front. Miscible and 
immiscible displacement of oil by water/steam, carbon dioxide and hydrocarbon gases is 
an important mechanism at these high pressures. The use of miscible relative 
permeability models can be justified in ISC processes of high pressure light petroleum 
reservoirs. History match quality with immiscible and miscible relative permeabilities was 
comparable not allowing conclusive evidence of miscible displacement.
6. It is required to include the shift reaction in the light and medium petroleum 
characterization, because of evidence of additional carbon monoxide, CO, generation in 
light and medium oil combustion tube experiments.
4.20 Recommendations
1. Combustion tube experiments with gas saturated light and medium petroleum are 
recommended to study the full extent of gas displacement effects in light and medium oil 
ISC processes.
2. The concentration and the type of the oxygenated hydrocarbons used in combustion tube 
experiments play an important role in chemical reaction stoichiometry and kinetics. 
Therefore, the oxygenated hydrocarbon stoichiometry and kinetics is recommended to be 
included in the chemical reaction characterization.
3. Sand or reservoir rock catalytic effects are necessary in the chemical reaction 
characterization.
4. Aromatic and alkane PVT and chemical reaction characterization are required to improve 
history match quality.
5. The concentration and the type of the organic content in reservoir rocks or the sand used 
in combustion tube experiments is necessary in the stoichiometry and chemical reaction 
characterization.
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6. An upgraded compositional version of BUISCOM, the Bath university non-iso-thermal 
simulator will be an ideal tool for ISC research.
4.21 U P S C A L IN G  C O M B U S T IO N  T U B E  E X P E R IM E N T  T O  P IL O T  A N D  
F IE L D  S C A L E .
4.21.1 Flame Extinction Studies
Laboratory experimentation as a precursor to pilot and field scale operations 
should form an integral part of the development programme of any in-situ combustion project. 
A major problem concerning thermal EOR is the inability of numerical techniques to model 
frontal displacements, with a low dispersion level. Also, the data from a combustion tube 
history matching are dependent upon time and average grid block temperature, and therefore, 
will not produce similar results in large grid blocks. Grid blocks used in combustion tube 
simulations are only few centimeters, while grid blocks used in field scale simulations are 100 
to 1,000 times larger.
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Figure 4.12: Simulation of Combustion Tube experiment Run-6 with 8 Grid
Blocks
The flame extinction effect has been investigated using a smaller number of larger grid blocks. 
However, simulations with 16,8 and 4 grid blocks instead of 96 to 128 grid blocks in 
combustion tube experiments have been studied without evidence of flame extinction. The
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results are presented in figure 4.12. Flame extinction has not been revealed for the grid block 
size studied even in simulation studies with larger field scale grid block sizes. High number of 
grid blocks is required for front tracking and not because of flame extinction problems. Gravity 
stabilized fronts in a vertical combustion tube are less vulnerable to flame extinction, because 
of the stabilization effect of gravity.
4.20.2 Upscaling Methodology
Due to the complex mechanisms involved in situ combustion and the difficulty 
in properly scaling the necessary parameters, the use of fully scaled physical models is not 
practical. The numerical simulation results of combustion tube tests can be used to obtain a 
qualitative, or quantitative, feeling for the field performance. Scaling the combustion tube data 
to the field conditions via numerical simulation is not an easy task due to the sharp fronts in the 
process and the large grid blocks used in field models. Field scale simulations may suffer from 
numerical instability, numerical dispersion and lack of front tracking.
Many problems are encountered when scaling up from laboratory conditions 
to the field conditions in a numerical simulation study. One of these problems occurs in the 
high-temperature zone where most of the chemical reactions take place. In general, the length 
of this zone is considered to be of the order of 10 to 20 cm in either laboratory scale and up to 
60 cm depending upon flux in the field scale. Hence it is too small to be represented properly 
by the large grid blocks used in the field-scale study.
The reaction zone can be simulated by one to two grid blocks at the 
laboratory-scale. At the field-scale study, however, this zone would appear as only a fraction of 
a single grid block. Therefore, the temperature profile obtained in a laboratory-scale simulation 
is expected to be different from that in a field-scale study. Therefore, it is not possible to obtain 
an accurate temperature distribution using non-isothermal simulators with the field-scale grid 
blocks. Thus, the kinetic and other data obtained from history match of laboratory studies 
should not be used without up-scaling to the field-scale.
The data and matched parameters from combustion tube experiment history 
matching are not used directly in field scale simulation, because laboratory combustion tube 
experiments provide data at the microscopic and macroscopic scale. Laboratory data must be 
properly scaled up to the megascopic scale, which is the scale of the field scale reservoir 
simulation grid block size. Grid blocks used for a combustion tube simulation are few 
centimeters thick, while grid blocks for a field simulation will be 100 to 1,000 times larger.
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The history matched kinetic data from 1D combustion tube experiment Run-6 combustion tube 
were validated for larger grid blocks for low up-scaling ratio. For this reason, up-scaling of 
chemical reaction kinetic parameters was not necessary for the grid block size range examined 
in the simulations studies, because the investigated up-scaling range of grid block sizes had 
low impact on peak combustion front temperature and saturation and temperature profiles.
Peak combustion front temperatures, saturation and temperature profiles are 
adjustable to the relevant combustion tube values by modifying the matching parameters. 
Simulation studies in 1D with grid blocks have been up-scaled to field scale with the same 
number of grid blocks 106 times larger in volume than the combustion tube grid block size 100 
longer in the I, J, and K axis direction. Therefore, 8 Cartesian grid blocks in 1D have been 
increased in size to 8 nearly field scale Cartesian grid blocks (8.862m*8.862m*15.625m). Up- 
dip air injection well and down-dip producer in line drive are assumed the wells in the up- 
scaled simulation runs. 1D combustion tube experiments were correlated with 3D combustion 
experiments in up-scaling to field scale.
To achieve meaningful results under field-scale conditions some modifications 
are required to the data of the numerical model. These modifications would involve all the 
temperature-dependent variables, such as temperature-dependent relative permeability 
characteristics, if used, and chemical reaction kinetics. However, all these variable changes 
would add such an undesirable complexity to the computer simulator that its practicality is 
essentially destroyed.
The numerical instability experienced in field scale simulation runs, due to the 
sharp temperature and saturation changes in the combustion front, are reduced by increasing 
the grid block size and having less severe saturation and temperature changes versus time. 
However, the time step size has to be constrained for the chosen field scale grid block size. 
Consequently, time step size constrained below 0.1 day has been generally required to 
achieve numerical convergence and improve numerical stability.
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Figure 4.13: Upscaled field scale simulation run with 8 grid blocks -  Grid Block 
upscaling 100*100*100
The conditions corresponding to very high dip angles, and hence, related to 
strong gravity effect, dominated the displacement mechanisms. Gravity effects on the fronts 
were important factors improving process efficiency. Numerical stability of gravity stabilized 
processes is superior in comparison with same processes in horizontal reservoirs.
Up-scaling of the chemical reaction kinetic parameters was not necessary for 
the grid block size range examined. However, modified kinetic parameters will be required at 
higher upscale ratio to reach grid block size typical in large field scale studies. At high upscale 
ratios, front tracking will be useful to improve front speed matching, to reduce the flame 
extinction problem and to provide appropriate combustion front simulation methodology.
An alternative scaling technique, which is applicable in case of know front 
direction movement, entails the following steps:
1. History match the combustion tube experiments using a fine grid thickness Ax comparable 
with the burnt-front thickness.
2. Field grid block elements in the field scale are constructed with low upscale ratio for grid 
thickness Ax in the direction of the thermal front but with higher upscale ratio for thickness 
grid Ay and Az.
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3. The chemical reactions and reaction kinetics available from laboratory data are used as 
match parameters targeting an acceptable match by not allowing extensive variation of the 
parameters far from laboratory data values.
4.21 Conclusions on Upscaling
1D Combustion tube and 3D combustion cell experimental data and matched'parameters have
been used successfully in simulation runs up-scaling up to nearly the field scale and the
following conclusions have been accomplished:
1. Front tracking and flame extinction control have not been used in the nearly field 
simulation because of fine grid block system was adequate to eliminate relevant problems. 
Front tracking and flame extinction control will be required at higher up-scale ratios than 
the up-scaling ratios used in this study.
2. Gravity stabilizes fronts and improves ISC efficiency.
3. Up-scaled predictions indicate viable air injection in light petroleum high pressure 
reservoirs leading to high hydrocarbon recoveries.
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SIMULATION OF HIGH PRESSURE COMBUSTION TUBE EXPERIMENTS.
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• FIGURE 4.15 - COMBUSTION TUBE RUN8 - AT 120 Min.
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• FIGURE 4.17 - COMBUSTION TUBE RUN8 - SATURATION PROFILE AT 240 Min
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FIGURE 4.19 - COMBUSTION TUBE RUN8 - GAS SATURATION PROFILE - 96 GRID 
BLOCKS
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• FIGURE 4.21- COMBUSTION TUBE EXPERIMENT RUN8 - STEAM GAS MOLAR  
FRACTION - 96 GRID BLOCKS
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FIGURE 4.23 - COMBUSTION TUBE RUN 6 - 96 GRID BLOCKS - TEMPERATURE 
PROFILES
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FIGURE 4.24 - COMBUSTION TUBE RUN 6 - COMPARATIVE TEMPERATURE 
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FIGURE 4.25 - COMBUSTION TUBE RUN-6 - WATER SATUATION-64 GRID  
BLOCKS
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• FIGURE 4.27 - COMBUSTION RUN6 - O IL SATURATION PROFILE 
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• FIGURE 4.29 - COMBUSTION TUBE RUN6 - STEAM GAS MOLAR FRACTION  
PROFILE
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• FIGURE 4.30 - COMBUSTION TUBE RUN 6 COMPARATIVE TEMPERATURE &  
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• FIGURE 4.31 - COMBUSTION TUBE RUN6 - AT 180 Min.
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• FIGURE 4.33 - COMBUSTION RUN5 - AT 12 Min.
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• FIGURE 4.35 - COMBUSTION TUBE RUN5 - AT 90 Min.
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• FIGURE 4.37 - COMBUSTION TUBE RUN5 - GAS SATURATION
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FIGURE 4.40 - 3D COMBUSTION CELL EXPERIMENT AT 416 min. (LAYER=3)
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• FIGURE 4.41 - 3D COMBUSTION CELL EXPERIMENTAT 416 min. (LAYER=2)
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• FIGURE 4.42 - 3D COMBUSTION CELL EXPERIMENT AT 416 min. (LAYER=1)
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• ^FIGURE 4.43 - COMBUSTION TUBE RUN-6 THERMOCOUPLE TA3 GRID BLOCK 90 
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FIGURE 4.44 - COMBUSTION TUBE RUN-6 THERMOCOUPLE TA6 GRID BLOCK 80 
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• FIGURE 4.45 - COMBUSTION TUBE RUN-6 THERMOCOUPLE TA10 GRID BLOCK 
70 TEMPERATURE PROFILE & PEAK TEMPERATURE HISTORY MATCH
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FIGURE 4.46 - COMBUSTION TUBE RUN-6 THERMOCOUPLE T A B  GRID BLOCK 
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• FIGURE 4.47- COMBUSTION TUBE RUN-6 THERMOCOUPLE T A 16 GRID BLOCK 50 
TEMPERATURE PROFILE & PEAK TEMPERATURE HISTORY MATCH
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• FIGURE 4.48 - COMBUSTION TUBE RUN-6 THERMOCOUPLE T A 19 GRID BLOCK 
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• FIGURE 4.49 - COMBUSTION TUBE RUN-6 THERMOCOUPLE TA22 GRID BLOCK 
30 TEMPERATURE PROFILE & PEAK TEMPERATURE HISTORY MATCH
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FIGURE 4.50 - COMBUSTION TUBE RUN-6 THERMOCOUPLE TA25 GRID BLOCK 
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• FIGURE 4.51 - COMBUSTION TUBE RUN-6 THERMOCOUPLE TA28 GRID BLOCK 
10 TEMPERATURE PROFILE & PEAK TEMPERATURE HISTORY MATCH
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• FIGURE 4.52 - COMBUSTION TUBE RUN-6 THERMOCOUPLE TA 30 GRID BLOCK 1 
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• FIGURE 4.53 - COMBUSTION TUBE RUN-6 SIMULATED PRODUCED GAS ^  
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FIGURE 4.55 - COMBUSTION TUBE RUN-6 PRODUCED CARBON MONOXIDE  
COMPOSITION HISTORY MATCH
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• FIGURE 4.57 - COMBUSTION TUBE EXPERIMENT - RUN 8 02, CO, C02  
CONCENTRATION IN  THE EFLLUENT GAS.
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• FIGURE 4.59 - COMBUSTION TUBE RUN-8 - SIMULATED CH4 &  0 2  
COMPOSITION
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• FIGURE 4.61 - COMBUSTION TUBE RUN-8 THERMOCOUPLE TA3 &  GRID BLOCK 
90 TEMPERATURE PROFILE & PEAK TEMPERATURE HISTORY MATCH
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FIGURE 4.62 - COMBUSTION TUBE RUN-8 THERMOCOUPLE TA6 & GRID BLOCK 
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• FIGURE 4.63 - COMBUSTION TUBE RUN-8 THERMOCOUPLE T A 10 & GRID BLOCK 
70 TEMPERATURE PROFILE & PEAK TEMPERATURE HISTORY MATCH
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FIGURE 4.64 - COMBUSTION TUBE RUN-8 THERMOCOUPLE TA13 &  GRID BLOCK 
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• FIGURE 4.65 - COMBUSTION TUBE RUN-8 THERMOCOUPLE TA16 & GRID  
BLOCK 50 TEMPERATURE PROFILE & PEAK TEMPERATURE HISTORY MATCH
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FIGURE 4.66 - COMBUSTION TUBE RUN-8 THERMOCOUPLE TA18 & GRID  
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• FIGURE 4.67 - COMBUSTION TUBE RUN-8 THERMOCOUPLE TA20 & GRID BLOCK  
30 TEMPERATURE PROFILE & PEAK TEMPERATURE HISTORY MATCH
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FIGURE 4.68 - COMBUSTION TUBE RUN-8 THERMOCOUPLE TA23 & GRID BLOCK 
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• FIGURE 4.69 - COMBUSTION TUBE RUN-8 THERMOCOUPLE TA26 & GRID BLOCK  
10 TEMPERATURE PROFILE & PEAK TEMPERATURE HISTORY MATCH

















90 120 150 180 210 240 270 300 330 360 390 420 450 480 510 !0 30 60
TIME, Min.
• FIGURE 4.70 - COMBUSTION TUBE RUN-8 THERMOCOUPLE TA30 & GRID BLOCK 
1 TEMPERATURE PROFILE & PEAK TEMPERATURE HISTORY MATCH
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CHAPTER 5 . FIELD SCALE NUMERICAL SIMULATION O F IN-SITU
COMBUSTION PROCESSES.
5.1 Num erical Evaluation o f Param etric Effects in  Upscaled 
Field  Scale In -S itu  Combustion Process.
Light and Medium petroleum combustion tube experiments have been up- 
scaled to field scale and comprehensive numerical simulation studies were conducted to 
examine the results of the up-scaling methodology. Numerical simulation of light petroleum 
combustion tube experiments was extended to provide a first assessment for field scale in-situ 
combustion simulation studies of gas condensate and sour petroleum reservoirs.
The field case studies investigated the effects of gravity, reservoir 
heterogeneity, injection rate and horizontal wells in different in-situ combustion processes.
The predicted oil recovery performances were then compared to determine the air flood 
optimum operating conditions, injection rates for various reservoirs and different well patterns.
Optimum operating conditions were seen to depend on the reservoir type, 
dipping angle and heterogeneity, the well type (horizontal versus vertical), the well pattern and 
the mode of operation (i.e., line drive versus pattern flood, pattern center versus off-center air 
injection). Optimum operating conditions and injection rate for a specific reservoir have been 
determined through sensitivity analysis of predicted oil recoveries and production profiles were 
evaluated for ranges of operating conditions and injection rates.
Finally, the applicability assessment of in-situ combustion processes in gas 
condensate and sour petroleum reservoirs with numerical simulation techniques revealed high 
recoveries and certain operational advantages, and therefore further appraisal of this 
technology is recommended.
5 .2  Forced Flow ISC Drainage Assisted by G ravity.
Forced Flow In-Situ Combustion Drainage Assisted by Gravity (FFISCDAG) 
has been studied using 3D non-iso-thermal field scale simulation reservoir simulation 
predictions by employing a combination of vertical and horizontal injection and production 
wells. Horizontal well technology has created new possibilities in the implementation of 
conventional thermal recovery processes. The implementation of the thermal recovery 
processes with vertical and horizontal wells can be effected via four major process variations 
as follows:
1. Horizontal Producer and Horizontal Injector;
2. Horizontal Producer and Vertical Injector;
3. Vertical Producer and Horizontal Injector;
4. Vertical Producer and Vertical Injector.
The idea of using gravity drainage in steam floods and ISC for oil recovery is 
not new. Several papers on gravity assisted thermal improved oil recovery are available in the 
literature. Butler in 1986 & 1989 and Butler & Sugianto in 1990 discussed the gravity drainage 
of steam-heated heavy oils using a pair of horizontal wells. Butler and his associates have 
published several follow-up papers on different aspects of Steam Assisted Gravity Drainage 
(SAGD) (Butler etal. in 1990). M. Greaves etal. in 1993,1995 & 1996 studied the forced flow 
effects in 3D combustion cell experiments. Pertinent aspects of most of these papers have 
been summarized by M. Greaves in 1996.
FFISCDAG extends techniques of SAGD in ISC forced flow gravity assisted 
processes. Most of the reported work on SAGD and FFISCDAG has been for a configuration 
that employed a horizontal injector and a horizontal producer. (Hardy W.C., Fletcher P.B.,
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Shepard J.C., Dittman E.W., Zadow D.W. in 1972; R. M. Butler in 1986; D.Kumar, H.N.Patel & 
E.S.Denbina in 1986; Sugianto, Roger M. Butler in 1990; Tee S. Ong, Roger M. Butler 1990; 
Van Wunnlk John N.M., Wit Krijn in 1992; N.R.Edmunds, J.A.Kovalsky, S.D.Gittins and 
E.D.Pennacchioli in 1994; Dusseault Maurice B., Geilikman Michael B. and T.J.T Spanos in 
1998; K.T. Elliott and A. R. Kovscek in 1999; Humberto A. Mendoza, Jose J. Finol, and Roger 
M. Butler in 1999; A. R. Vasquez H., M. S. Sanchez D., J. McLennan, Q. Guo, F Portillo, W. 
Poquioma, M. Blundun, H. Mendoza in 1999; L.T. Doan, H. Baird, Q.T. Doan, S.M. Farouq Ali 
in1999) A schematic diagram of this simple configuration is presented in Figure 5.1.
In SAGD and FFISCDAG the oil displacement to the production well is 
assisted by forced flow and gravity forces. It has been speculated that by using gravity as the 
chief driving force to effect oil movement, it is possible to avoid differential fingering and 
overriding that occurs when one fluid is displaced by another one of different density, where 
viscous oils are displaced by injecting less viscous fluids.
5 .3  F ield  Scale S im ulation Studies o f Upscaled C lair and Light 
Australian Crude Combustion Tube Experim ents.
Numerical methods optimizing in-situ combustion performances in high- 
pressure reservoirs have been further evaluated to establish a screening and forecasting 
capability for ISC processes. Based on up-scaled Clair and light Australian crude combustion 
tube experiments, field scale simulation models were initialized. Sensitivity studies to key 
parameter variations were simulated using in-situ combustion simulation results from STARS 
the general-purpose non-isothermal simulator by CMG. (CMG 1977) The simulation results 
analyzed are cumulative oil production, oxygen consumption, peak combustion front 
temperature, injection bottom hole pressure (BHP), WOR, GOR, fuel consumption, 
temperature distribution and saturation distributions.
The accuracy of field scale numerical simulation results for ISC has not been 
investigated due to lack of field data. Field scale data for history match and validation of the 
processes are not available. Also semi-analytical correlations, such as Gates and Ramey’s 
correlation (Gates, Charles F., Ramey Jr., Henry J., 1980), based on field data have not been 
developed for these crude oils. However, the numerical simulation models have been 
validated against laboratory data and the impact of up-scaling and the grid-block size effect 
have been investigated.
5.3.1 Reservoir Initial Conditions.
The most important reservoir parameters used in the simulation study are summarized in Table 
5.1 for both Clair medium oil and Australian light Crude.
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TABLE 5.1 RESERVOIR DATA USED IN FIELD 
SCALE SIMULATION WITH CLAIR OIL AND AUSTRALIAN CRUDE
Initial Reservoir Tem perature 210 °F 210 °F
Initial Reservoir Pressure a t  datum  8205 ft TVDss 6440 psia 6440 psia
Grid Block Dimensions (Num ber of Grid Blocks) 22*9*5 22*9*5
Reservoir Pattern Block Dimensions 2742*865* 175 ft 2742*865* 175 ft
Grid Block Size 192-96ft*96ft*35 ft 192-96ft*96ft*35 ft
Reservoir Dip, degrees 8.81 8.81
Reservoir Depth 8200 8200
Sand Thickness 175 ft 175 ft
Porosity 0.1926 0.1926
Initial Oil Saturation 0.55 0.55
Initial W ater Saturation 0.45 0.45
A verage Absolute Permeability
Horizontal 1180 md 1180 md
Vertical 118 m d 118 m d
Petroleum Type Clair Australian Crude
Petroleum Density 19.8 °API 40.2 °API
Petroleum Viscosity 200 c p  @ 25 °C 42 cp
The initial reservoir pressure and temperature were 6440 psia and 210 °F 
respectively. Pressure varied with respect to depth according to the hydraulic gradient and the 
requirements for equilibration. Initial oil and water saturations were assumed 0.55 and 0.45 
respectively. The reservoir was characterized vertically with five layers, and an equal number 
of reservoir simulation grid blocks have been used vertically. The reservoir properties were 
assumed to be homogeneous except for three permeability heterogeneity cases, in which high 
permeability layers at the top, middle and bottom layers are assumed respectively. FFISCDAG 
options in both un-depleted and water flooded reservoirs have been studied. Reservoir 
pressure at the end of the water flood has been allowed to drop at about the bubble point 
pressure to minimize air compression requirements for air injection.
5.3.2 Reservoir Fluid PVT Properties.
Combustion tube tests have been simulated using the PVT properties of 
separator stabilized ‘Clair’ and light Australian crude oils. The specified components and 
pseudo-components are summarized in the table 5.2a for Clair oil type and 5.2b for Australian 
crude. In the field scale simulation studies, the PVT properties of ‘Clair’ and light Australian 
crude oils include the associated gas, which was not present in the combustion tube 
experiments.
Based on the combustion tube experiment simulation experience, five 
hydrocarbon pseudo-components are used in the hydrocarbon PVT characterization in the 
field scale simulation studies. This is achieved by splitting the Cn+ heavy ends to C11-20 and 
C2U and introducing a separate CH 4 component. The chosen five petroleum pseudo­
components are considered sufficient to simulate the vaporization of crude oil accurately at the 
field scale. CPU concentration in the separator stabilized sample used in the combustion tube 
experiments is very low and CPU as a separate component is not significant in the combustion 
tube experiment simulation studies and therefore, in combustion tube experiments CPU has 
been included in the C1-5 pseudo-component. In field scale studies, CPU plays a significant 
role, because of its high mole fraction and it has been introduced as an additional separate 
hydrocarbon component. Otherwise the optimal number of pseudo-components is similar in 
both laboratory and field scale simulation studies. The total number of the components and 
pseudo-components is 11, and they are summarized in tables 5.2a for Clair and 5.2b for 
Australian crude.
The PVT pseudoization approach for the air gas components oxygen, O2 and
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nitrogen N2, and the combustion gases, such as carbon monoxide, CO, and carbon dioxide 
CO2, remained unchanged from the combustion tube to the field scale. Air components and 
combustion gases, O2, N2, CO and CO2, were introduced as separate components in the PVT 
characterization.
Because of the increasing importance of the interaction between lighter 
hydrocarbon components and flue gas at the field scale, an EOS compositional approach with 
a higher number of hydrocarbon pseudo-components is recommended. However, for the 
hydrocarbon systems studied Standing’s and Wilson’s correlations are very good 
approximations and adequate for the simulation studies and therefore these correlations have 
been used to calculate the ‘STARS’ K-value table data input. Mass transfer of the heavier 
hydrocarbon components is less severe in field scale and depending upon the crude oil type a 
smaller number of pseudo-components can be used to characterize the heavy oil fractions.
TABLE-5.2a COMPONENT PROPERTIES OF CLAIR TYPE OIL
PSEUDO­
COMPONENT




1. WATER 18 3155 705.7
2. C21+ 447.53 142.83 833.11
3. C l 1-20 218.38 266.4 825.34
4. C6-10 110.29 382.32 548.2
5. C2-5 72.15 488.1 385.47
6. C l 16. 667.2 -116.59
7. C02 44.01 1071. 87.56
8. N2 28.01 500. -232.84
9. 02 32 730. -181.72
10. CO 28.01 507.5 -220.78
11. COKE
TABLE-5.2b COMPONENT PROPERTIES OF AUSTRALIAN CRUDE
PSEUDO­
COMPONENT




1. WATER 18 3155 705.7
2. C21+ 300,10 169,39 974,20
3. C ll-2 0 160,34 326,23 693,54
4. C6-10 106,81 380M 541,02
5. C2-5 43,27 630,50 188,16
6. C l 16. 667.2 -116.59
7. C02 44.01 1071. 87.56
8. N2 28.01 500. -232.84
9. 02 32 730. -181.72
10. CO 28.01 507.5 -220.78
11. COKE
5.3.3 Miscibie and Immiscible Relative Permeabilities in In-situ Combustion 
Processes.
Standard immiscible rock permeability curves are well-established methodology 
describing the simultaneous flow of immiscible fluid phases in displacement process of 
petroleum reservoirs, such as depletion, gas injection and water flooding. In these oil and gas 
reservoir flow processes, capillary forces dominate viscous forces at pore scale level and one 
set of relative permeability functions may be used regardless of the flow rates or interfacial 
tensions. No temperature dependence of relative permeability or capillary pressure is assumed 
in the simulation runs, usually even in non-iso-thermal processes.
At high temperature and pressure conditions, as may be found in combustion 
fronts and steam/gas fronts of in-situ combustion and steam processes, viscous forces are 
also important. As a consequence, the miscible relative permeability functions are no longer 
constant but become functions of the capillary number. In the extreme case that the capillary
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number becomes infinite, viscous forces alone govern the distribution of the phases and the 
capillary properties of the porous medium are not relevant any more. Then, the miscibie 
relative permeability functions are reduced to straight lines between the end points and their 
values for a given saturation value are significantly higher than the corresponding immiscible 
values. (Figure 4.6) For this reason, miscibie thermal improved oil recovery displacement 
processes are expected to be much more efficient than immiscible water flood displacement 
processes.
Nearly miscibie relative permeability models are appropriate for in-situ 
combustion processes. The result of nearly miscibie relative permeability due to miscibility is 
better laboratory and field scale performance than predicted from standard rock relative 
permeabilities. Miscibie gas and condensate displacement and finally even critical water/steam 
displacement at high-pressure high temperature conditions in deep light petroleum reservoirs 
justify the assumptions for nearly-miscible relative permeability. Immiscible rock relative 
permeability curves characterizing miscibie ISC processes provide a pessimistic assumption 
appraising thermal improved oil recovery processes against actually immiscible displacement 
processes, such as water flooding.
Miscibie relative permeabilities have been used in history matching of 
combustion tube experiments and they have been presented in chapter 4. Miscibie 
displacement evidence was inconclusive due to satisfactory history match of combustion tube 
experimental data of comparable quality with immiscible and miscibie relative permeability 
models. Hence, in oil field scale studies immiscible relative permeability curves were used to 
benchmark the minimum reservoir performance under immiscible conditions. In gas 
condensate reservoirs miscibility can be easily justified and miscibie displacement was 
assumed.
5.3.4 Up-scaling Chemical Reaction Kinetic Data.
Parallel direct and indirect hydrocarbon oxidation with coke formation has 
been assumed in the field scale as a reasonable assumption for light and medium petroleum 
chemical reaction characterization The chemical reaction characterization has been validated 
in the combustion scale and used in the simulation of the combustion tube experiments. The 
chemical reaction characterizations are summarized in the tables 5.3a and 5.3b for Clair oil 
and tales 5.4a and 5.4b for light Australian crude. Oxidation in two stages to CO and CO2 has 
been introduced in the field scale simulation studies as in the case of the combustion tube 
experiments. The following eleven chemical reactions in table 5.3 have been used for the 
chemical reaction characterization of Clair medium oil and light Australian crude.
TABLE-5.3 CHEMICAL REACTION CHARACTERIZATION FOR CLAIR 
MEDIUM OIL & AUSTRALIAN LIGHT CRUDE
CHEMICAL REACTION STOICHIOMETRY
REACTION TYPE
1 C21+ Cracking to CH4 C21+ —> CH4 +  Coke
2 C21+ Cracking to C2- C5 C21+ —> C2-C5 + Coke
3 C21+ Cracking to Cn- C20 C21+ —> C11-C20 +  Coke
4 C21+ Cracking to ( V  C10 C21+ —» C6-C10 + Coke
5 C11-C20 Cracking to CH4 C11-C20 —> CH4 +  Coke
6 Cu-C2o Cracking to C2~Cs C11-C20 —> C2-C5 +  Coke
7 Heavy Oil Burning C21+ +  O2 —> H2O + CO +  AH
8 Medium Oil Burning C11-C20 +  O2 —> H2O + CO +  AH
9 Light Oil Burning QrC10 +  O2 —» H2O + CO +  AH
10 Hydrocarbon Gas Burning C2-C5 +  O2 —> H2O + CO +  AH
11 CH4 Burning ch4 + o 2 -> h 2o +  c o  +  ah
12 Coke Burning Coke +  O2 —> H2O + CO + AH
13 Carbon Monoxide burning CO + O.5 O2 -> c o 2 + ah
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TABLE-5.3a CRACKING REACTION CHARACTERIZATION FOR CLAIR TYPE OIL
C21+HEAVY PETROLEUM CRACKING TO CH4 & COKE
C 30.513 H 81,36909 -> 













DH = 0,0 KJ/MOLE
C21+ HEAVY PETROLEUM CRACKING TO C l 1-C20 & COKE
C 30.513 H 81.36909 -> 5.880408 C 4.90 H 13,372 + 1,710191 C H 16
H/C RATIO 2.666667 1.6
MW 447.53 72.15 13.60
MASS BALANCE -447.53 424.2714 23.258599 DCMASS) 0
33.638.0 32.506.8 1.1312
DH = 0.0 KJ/MOLE
C21+ HEAVY PETROLEUM CRACKING TO C6-C10 & COKE
C 30.513 H 81.36909 -> 5.880408 C 4.90 H 13.372 + 1.710191 C 16
H/C RATIO 2.666667 1.6
MW 447.53 72.15 13.60
MASS BALANCE -447.53 424,2714 23.258599 DCMASS) 0
33.638.0 32.506.8 1.1312
DH = 0.0 KJ/MOLE
C l 1-C20 HEAVY PETROLEUM CRACKING TO C6-C10 & COKE
C 15.310 H 32.66113 -> 3.402201 C 1.00 H 4 + 11.9077 C H 16
H/C RATIO 2.133333 1.6
MW 216.38 16 13.60
MASS BALANCE -216.38 54.43522 161.94478 □(MASS) 0
13.502.1 5.625.9 7.8762
DH = 0.0 KJ/MOLE
C l 1-C20 MEDIUM PETROLEUM CRACKING TO CH4 & COKE
C 15.310 H 32.66113 -> 3.402201 C 1 H 4 + 11.9077 C H 16
H/C RATIO 2.133333 1.6
MW 216.38 16 13.60
MASS BALANCE -216.38 54,43522 161.94478 DCMASS) 0
13.502.1 5.625.9 7.8762
DH = 0.0 KJ/MOLE
TABLE-5.3b COMBUSTION REACTION CHARACTERIZATION FOR CLAIR TYPE O IL






H 81.3691 + 35.599 02
32
-1139.2
—> 40,6845 H20 + 
16
732.322




DH = -8.595.6 KJ/MOLE -2051.5 Kcal/MOL
17621.5 37653.5 32811.1
C l 1-C20 MEDIUM PETROLEUM BURNING TO CO








—> 16.3306 H20 + 
18
293.95




DH = -4.920.3 KJ/MOLE -1174,3 Kcal/MOL
7831.0 15113.9 16462.7
C6-C10 MEDIUM PETROLEUM BURNING TO CO








—> 10.2204 H20 + 
18
183.966




DH = -2.073.9 KJ/MOLE -494.97 Kcal/MOL
4382.7 9458.9 8051.2
C2-C5 LIGHT PETROLEUM BURNING TO CO








—> 6.686 H20 + 
18
120.348




DH = -1.356.7 KJ/MOLE -323.8 Kcal/MOL
2867.1 6187.9 5267.0




H 4 + 1.5 02
32
-48
—> 2 H20 + 
18 
36





DH = -530.2 KJ/MOLE -126.54 Kcal/MOL
742.5 1851 1075,3
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H 1.6 + 1.4 02
32
-44,8







DH = -461.3 KJ/MOLE -110.09 Kcal/MOL
693.0 740,4 1075.3






H 81.3691 + 50.8557 02
32
-1627.4
—> 40.6845 H20 + 
18
732.322




DH = -17.255,33 KJ/MOLE -4118.2 Kcal/MOL
25173.6 37653.5 49022.8
C 11-C20 MEDIUM PETROLEUM BURNING TO C02








-> 16.3306 H20 + 
18
293.95




DH = -9.265.2 KJ/MOLE -2211,3 Kcal/MOL
11620.2 15113.9 24596.9
C6-C10 MEDIUM PETROLEUM BURNING TO C02








—> 10.2204 H20 + 
18
183.966




DH = -4.198.9 KJ/MOLE -1002.1 Kcal/MOL
6235.8 9458.9 12029.3
C2-C5 LIGHT PETROLEUM BURNING TO 0 02








—> 6.686 H20 + 
18
120.348




DH = -2.746.8 KJ/MOLE -655.57 Kcal/MOL
40794 6187.9 7869.4




H 4 + 2 02
32
-64
-> 2 H20 + 
18 
36





















DH = -283.8 KJ/MOLE -67,732 Kcal/MOL
247.5 1606.6
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TABLE-5.4a AUSTRALIAN CRUDE CRACKING REACTION CHARACTERIZATION
C21+ HEAVY PETROLEUM CRACKING TO C2-C5 & COKE















DH = 0.0 KJ/MOLE
C21+HEAVY PETROLEUM CRACKING TO CH4 & COKE


















C21+ HEAVY PETROLEUM CRACKING TO C6-C9 & COKE















DH = 0.0 KJ/MOLE
C10-C20 HEAVY PETROLEUM CRACKING TO C2-C5 & COKE


















C10-C20 HEAVY PETROLEUM CRACKING TO CH4 & COKE


















C6-C9 MEDIUM PETROLEUM CRACKING TO C2-5 & COKE


















The reaction enthalpies and the chemical reaction kinetic parameters, such as 
reaction frequency factors and the activation energies, used in combustion tube experiment 
simulation studies, have been used with minor changes in the field scale simulation runs. This 
approach can be explained by the fact that the combustion tube experiment simulation studies 
validated a general chemical reaction characterization for a range of combustion tube 
pressures and by extrapolation to the reservoir pressure for field scale studies.
Auto-ignition predictions are based on the chemical reaction characterization. 
In combustion tube simulations at the initial temperatures, the calculated reaction enthalpy 
released at low oxidation rates is not sufficient to increase the temperature sufficiently to 
achieve ignition. In field scale simulation runs at the higher reservoir temperature, the 
calculated reaction enthalpy released at low oxidation rates is sufficient to increase the 
temperature to achieve ignition. Auto-ignition was not achieved in combustion tube simulations 
with ‘Clair’ and light Australian oil separator stabilized petroleum. Pilot or field scale air 
injection data are not available to confirm whether auto-ignition, which was predicted in
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simulation runs with the adopted chemical reaction characterization will occur in the field. 
TABLE-5.4b AUSTRALIAN CRUDE COMBUSTION REACTION CHARACTERIZATION
CH4 GAS BURNING TO CO
C l  H 4 + 1.5 02 
MW 16 32 
MASS BALANCE -16 -48
-> 2 H20 + 
18 
36
1 CO 1 
28
28 DCMASS) 0
H KJ/MOLE 1653.6 742.5 
DH = -530.2 KJ/MOLE -126.5 Kcal/MOLE
1851 1075.3
C2-C5 LIGHT PETROLEUM BURNING TO CO
C 2.950 H 7.8703 + 3.44238 02 
H/C RATIO 2.66823
MW 43.27 32 
MASS BALANCE -43.266
110.16








DH = -830,6 KJ/MOLE -198.2 Kcal/MOLE
3642.0 3171,7
C6-C9 MEDIUM PETROLEUM BURNING TO CO
C 7.485 H 16.987 + 7.98925 02 
H/C RATIO 2.26936
MW 106.81 32 
MASS BALANCE -106.81
255.66









DH = -2.329.8 KJ/MOLE -556 Kcal/MOLE
7860.6 8048.8
C10-C20 MEDIUM PETROLEUM BURNING TO CO
C 11.337 H 24294 + 11.742 02 
H/C RATIO 2.14286
MW 160.34 32 
MASS BALANCE -160.34
375,74









13985.0 5812.3 11241. 12190.8
DH = -3.635.5 KJ/MOLE -867.7 Kcal/MOLE
C21+ PETROLEUM BURNING TO CO
C 21,337 H 44.051 + 21.6815 02 
H/C RATIO 2.06452
MW 300.10 32 
MASS BALANCE -300.1
693.81
















C 1.000 H 1,6 + 0.9 02  
H/C RATIO 1.6
MW 13.6 32 
MASS BALANCE -13.6 -28.8









DH = -708.8 KJ/MOLE -169.2 Kcal/MOLE
740.4 1075,3
CO BURNING
C l  O 1 + 0.5 02 
MW 12 1 32
—> 1 CO 2 
44
MASS BALANCE -28 -16 44 DCMASS) 0
H KJ/MOLE 1075.3 247.5 
DH = -283.8 KJ/MOLE -67,73 Kcal/MOLE
1606,6
5.3.5 The Reservoir Geometry and the Simulation Grid Block System.
The reservoir simulation grid block system consists of 22*9*5 grid blocks or a 
total number of 990 grid blocks. The homogeneous 175-ft sand was vertically divided into 5 
communicating layers. Twenty-two grid blocks in the direction of the movement of the 
combustion front provide sufficient resolution to track the combustion front and to simulate the 
displacement mechanisms involved. Nine grid blocks in the j-direction and 5 grid blocks in the 
vertical k-direction provide sufficient grid blocks for a horizontal down dip producer and a 
horizontal up-dip air injector. Five simulation grid blocks vertically were considered sufficient to 
simulate coning and gravity effects.
The reservoir dip angle is assumed 8.8° degrees and it is considered sufficient 
for some gravity assisted ISC considering the high differential density between oil and air or 
combustion gases. A higher dip angle of 15° degrees is used in a sensitivity to assess the 
benefits of steeply dipping reservoirs in more intensive gravity assisted ISC.
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TABLE-5.4c AUSTRALIAN CRUDE COMBUSTION REACTION CHARACTERIZATION
CH4 GAS BURNING TO 0 0 2
C l  H 4 + 2 02  
MW 16 32 
MASS BALANCE -16 -64
-> 2 H20 + 
18 
36
1 CO 2 
44
44 D(MASS) 0
H KJ/MOLE 1653.6 




C2-C5 LIGHT PETROLEUM BURNING TO C 02
C 4,919 H 13,124 + 8.19991 02 
H/C RATIO 2.66823
MW 72,15 32 
MASS BALANCE -72.15 -262.4
-> 6.56223 H20 +
18
118.12








C6-C9 MEDIUM PETROLEUM BURNING TO C 0 2
C 7,485 H 16.987 + 11,7319 0 2  
H/C RATIO 2,26936
MW 106.81 32 
MASS BALANCE -106.81
375.42
—> 8x49331 H20 +
18
152.88








C10-C20 MEDIUM PETROLEUM BURNING TO C 0 2
C 11.337 H 24,294 + 17.4105 02  
H/C RATIO 2,14286
MW 160.34 32 
MASS BALANCE -160.34
557.14




11.3371 CO 2 
44
498.832 DCMASS) -6E-14
13985.0 8618.2 11241. 18214.2
DH = -6.852.9 KJ/MOLE -1636 Kcal/MOLE
C21+ PETROLEUM BURNING TO C 0 2
C 21.337 H 44.051 + 32.3502 02 
H/C RATIO 2.06452
MW 300.10 32 
MASS BALANCE -300,1
1035.2

















C 1.000 H 
H/C RATIO 1.6 
MW 13.6 
MASS BALANCE -13.6
1,6 + M  02
32
-44.8
-> 0.8 H20 +
18
14.4









Figure 5.1 Reservoir Simulation Grid
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5.3.6 Field Scale Simulation Sensitivity Cases with C/air OH & Australian
Crude
Field scale simulations are based on up-scaled combustion tube experiment 
runs 6,7 and 8 to the field scale. The field scale simulation studies are essentially pattern 
studies with about 1,000 grid blocks. Future full field scale non-iso-thermal compositional 
simulation studies have to be planned with thousands of grid blocks and CPU times constraint 
to a maximum of 24 hours. Therefore, for full field scale simulation studies further software 
developments in non-iso-thermal simulators and powerful advanced hardware platforms are 
required.
Eleven simulation sensitivity cases with Clair medium oil and the same 
sensitivity cases with Australian light have been studied. The simulation sensitivity cases are 
summarized in table 5.4
Table 5.4 Field Scale Simulation Sensitivity Cases with Clair & Australian Crude
Case Type of Producers and Injectors Dip
A n g le
H e te ro g e n e ity A q u ife r
Drive
1. Horizontal Down dip Producer &  
Horizontal up-dip Injector
8.81 Homogeneous NO
2. Horizontal Down dip Producer &  
Horizontal up-dip Injector
15. Homogeneous NO
3. Horizontal Down dip Producer & 
Horizontal up-dip Injector
H orizontal Homogeneous NO
4. Horizontal Down dip Producer &  
Horizontal up-dip Injector
8.81 Homogeneous YES
5. Horizontal Down dip Producer &  
Horizontal up-dip Injector
8.81 Homogeneous NO, W a te r 
flo od
6. Horizontal Down dip Producer & 
Horizontal up-dip Injector
8.81 High Permeability Top Layer-1 NO
7. Horizontal Down dip Producer & 
Horizontal up-dip Injector
8.81 High Permeability Middle Layer-3 NO
8. Horizontal Down dip Producer & 
Horizontal up-dip Injector
8.81 High Permeability Bottom Layer-5 NO
9. Horizontal Down dip Producer & 
Vertical up-dip Injector
8.81 Homogeneous NO
10. Vertical Down dip Producer &  
Horizontal up-dip Injector
8.81 Homogeneous NO
11. Vertical Down dip Producer & 
Vertical up-dip Injector
8.81 Homogeneous NO
The reservoir parameters used in the initializations of the field scale models and the 
volumetries are summarized below:
Reservoir T em pera tu re  210 °F
Reservoir Pressure 6440 psi
Reservoir D e p th  TVD 8205 ft
A v e ra g e  Oil S a tu ra tion  in th e  Oil Zone 0.55
C o n n a te  W a te r S a tu ra tion  0.24
Kv/Kn 0.1
Volumetries
•  Oil In itia lly  in -p la c e  10.425 M M  Bbls
• G as In itia lly in -p la c e  66.697 BCF
• W a te r In itia lly in -p la c e  (N u m erica l A qu ife r) 8.53 M M  Bbls
5.3.7 Reservoir Simulation Results.
The gravity assisted incremental petroleum recovery was evaluated in field 
scale simulation prediction runs in dipping reservoir at 8.8 and 15 degrees (Cases 1 & 2)
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against a horizontal reservoir (Case 3) and the results are summarized in table 5.5. In 
horizontal reservoirs as in case 3, air overriding is extensive, the sweep efficiency lower than in 
dipping reservoir. Also in horizontal reservoirs such as in case 3, the combustion gas and 
oxygen breakthrough time is the shortest. Horizontal injectors and horizontal producers in 
horizontal reservoirs are essential options to minimize the negative impact of these 
phenomena and to improve petroleum recovery. In comparison with horizontal reservoirs, 
petroleum recovery is higher from dipping reservoirs, while water and gas production is lower 
due to gravity segregation.






















Horizontal (case 3) 
Reservoir
Depletion 0 . 0 2 2 0 .0 0 1 0.005 0 0 0 .2 1
W ater Flood 1.92 0.09 4.46 7.5 0 18.42
Air Injection 3.1 10.5 1.4 0 19.1 29.74
Reservoir
Depletion 0.032 0 . 0 0 2 0 . 0 2 0 0 0.31
W ater Flood 2 .1 0 .1 3.6 6.9 0 20.14
Air Injection 5.5 33 2 . 6 6 0 46 52.76
Diooina (case 2) 
Reservoir
Depletion 0.035 0 . 0 0 2 0.018 0 0 0.34
W ater Flood 2 .1 0 .1 3.55 6.7 0 20.14
Air Injection 5.65 30.3 2.59 0 43 54.2
Low recovery and high decline rates have been evaluated for reservoir depletion 
without pressure support. The recoverable reserves of the depletion cases are considered 
marginal and uneconomic because of inefficient depletion recovery mechanisms and low 
production rates at about 2-3 B/D. Therefore, for the studied cases of air and water flood 
practically all of their recovery is incremental oil recovery. Air flood oil recovery is superior to 
water flooding because of higher oil and gas recovery and lower water-cuts and as 
consequence lower artificial lift requirements. Hence, in the air injection prediction cases in 
comparison with water-flood prediction cases natural well flow periods are longer and the 
artificial lift requirements are deferred and are less severe. Higher oil and lower gas recovery 
in dipping reservoirs indicate that gravity segregation is an important reservoir mechanism 
efficiently used in schemes including line drive with up dip air injection wells and down dip 
producers.
High sustainable oil rates have been predicted in the air flood prediction case at 
about 2000 B/D at the production start-up declining to about 1200 B/D after 10 years of 
production. The results of the field scale prediction cases are also presented in table 5.6.
Table 5.6 Fie d Scale Results of ISC Prediction Cases 1, 2 & 3
Simulation study Cumulative
Oil











M M  Bbls






Case 1 5.5 33 2 . 6 6 0 46 52.76
Case 2 5.65 30.3 2.59 0 43 54.2
Case 3 3.1 10.5 1.4 0 19.1 29.74
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Based on results from simulation prediction runs, up-dip air injection in dipping 
reservoir is preferable to down dip air injection, because of gravity segregation of liquids and 
gases around the advancing front, the front is stabilized and the displacement mechanisms 
become more effective. A similar pattern of up-dip air injection in the vertical combustion tube 
was chosen in the combustion tube experiments. As it was expected due to the instability of 
the developed fronts, numerical instability has been experienced in simulation runs simulating 
down-dip air injection. For the investigated patterns in the field scale, stable fronts are 
developed and combustion gas and oxygen breakthrough are deferred at least three additional 
years after the start-up of up-dip air injection in dipping reservoirs.
Aquifer influx may affect down dip producing wells and a balanced design 
case by case is necessary to defer both flue gas and water breakthrough. Optimum horizontal 
injection well location in homogeneous reservoirs is up-dip at the bottom formation layer to 
delay air overriding and to facilitate uniform front development. The same optimum horizontal 
well injector location is preferable to minimize air overriding in heterogeneous reservoirs having 
high permeability zone between the middle and the top formation layer. (Prediction cases 5 & 
6) In heterogeneous reservoirs having high permeability zone at the bottom formation layer, 
the optimum up-dip horizontal well injector location has to move between the top and the 
middle formation layer above the high permeability zonefprediction case 7). In all these cases, 
it is assumed that air injectivity in the low permeability layers is sufficient.
The horizontal injection well option assists in minimum air overriding, uniform 
combustion front development and the longest combustion gas and oxygen breakthrough time. 
Vertical injectors develop elongated swept areas and front fingering forming arrow parallel to 
the axis of the shortest flow line between injector and producer. (Prediction cases 8 & 10) The 
horizontal well producer option is superior because of improved drainage not allowing 
elongated swept areas by air and front fingering towards the producer (prediction cases 1 & 8). 
The worst air sweep efficiency leading to the earliest combustion gas and oxygen 
breakthrough is the combined result of vertical injector and vertical producer (prediction case 
10).
Air overriding has been predicted to be a significant phenomenon in a 
relatively thin reservoir of 175-ft sand thickness used in this study. Air overriding is expected to 
be more extensive in thicker reservoirs playing a very important role determining the 
combustion gas and oxygen breakthrough timing where forced flow becomes more important. 
Similar optimum well locations and operating conditions to these proposed in this study are 
valid in thicker reservoirs above 175 ft sand thickness and their implementation is critical for 
the success of FFISCDAG.
5 .3 .8  Conclusions.
The following have been concluded from the field scale studies:
•  A high number of pseudo-components, at least equal to the number of the pseudo­
components used in the PVT characterization of combustion tube studies, plus additional 
light hydrocarbons components such as CFU are required for field scale studies.
•  A general universal direct and indirect high temperature oxidation chemical reaction 
stoichiometry for complete combustion in two stages, to CO and CO2 depending upon the 
specific oil composition has been validated against combustion tube experiments. The 
combustion tube chemical reaction characterization has been upscaled with minor changes 
to field scale studies.
•  Front tracking, as the thin flame approach, is needed for accurate prediction of field scale 
ISC. However, in the present study the grid block system used covered small section of the
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reservoir. Therefore, the grid block size resolution was sufficient in field scale simulation 
studies and as a result front tracking was reasonable and no flame extinction was 
observed.
•  For computation stability, the time step had to be constrained in the range of 0.2 to 0.5 days 
to achieve convergence and numerical stability.
•  Strong gravity effects were predicted in the simulation runs. A low dip angle of 8.8 degrees 
provided gravity stabilization of the combustion front. Combustion gas and gas/oxygen 
breakthrough is delayed in a scheme with up-dip injectors and down dip producers.
•  Horizontal producers and injectors in FFISCDAG are superior to vertical producers and 
injectors, reducing the arrow shaped front fingering and deferring combustion gas and 
oxygen breakthrough by providing improved air override control.
•  The optimum horizontal injector location in a dipping reservoir is up-dip.
•  The optimum horizontal producer location in dipping reservoirs is down dip at the bottom 
layer.
5 .3 .9  Recom m endations.
•  Long CPU time requirements are the main issue in field scale simulation studies making 
simulation studies impractical above the pattern level. More powerful hardware platforms 
and especially parallel computer processing techniques are required to reduce the CPU 
time and to allow a higher number of grid blocks, pseudo-components and potentially 
chemical reactions.
•  Front tracking and thin flame numerical algorithms should be further developed.
•  More powerful hardware platforms are necessary for up-scaling of combustion tube 
experiments to full field scale simulation studies initialized with a higher number of grid 
blocks.
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5 .4  NUM ERICAL EVALUATION OF TH E  PARAMETRIC EFFECTS  
ON IN -S ITU  COMBUSTION IN  A  HOMOGENEOUS HORIZONTAL 
LIG H T O IL  NORTH SEA RESERVOIR.
Field scale simulation studies of medium ‘Clair’ and light Australian crude oils 
have been extended to field scale simulation studies with two typical light North Sea petroleum 
fluids with different well patterns.
A typical North Sea reservoir simulation model is initialized at pre-water flood 
conditions before production start-up. Nevertheless, a significant number of producing deep 
light oil North Sea fields have been water flooded. The in-situ combustion potential of water 
flooded reservoirs is studied by simulating a water flood under optimum conditions followed by 
restart simulation runs of in-situ combustion processes. This is the most realistic approach for 
numerical assessment of the ISC potential of a water-flooded reservoir.
Implementation of in-situ combustion, without water flood from the production 
start-up, is also examined. Air injection simulation prediction cases without water flood are 
compared with the corresponding air injection results in a water-flooded reservoir to evaluate, if 
a pre in-situ combustion water flood can be justified. About 50 in-situ combustion simulation 
runs with the North Sea type oils A and B were made using the model in one-, two-, and three- 
dimensions. Simulation runs were carried out for an injected air volume up to at least the initial 
Hydrocarbon Pore Volume and a period up to the economic limit of the field.
5.4.1 Reservoir Simulation Mode! Initialisation Procedures.
Pre-water flood reservoir conditions, typical of a homogeneous North Sea 
reservoir, are used for the initialization of the simulation models. The initial pressure 
distribution in the reservoir simulation models is initialized according to gravity head and 
capillary pressures. The depth of the formation top pay is 3180 m (10305 ft), the reservoir
temperature 104 °C and reservoir pressure 44.402 MPa. The initial oil saturation is 66% and 
the initial water saturation 34%.
A reservoir pressure equal to 44.126 MPa practically unchanged from the 
original reservoir pressure is predicted after a water flood due to the pressure maintenance 
provided by the water flood. Average oil saturation is evaluated to be 30% at the completion of 
water flood. The residual oil saturations for a water and oil system are assumed to be 15% 
and for the gas and oil system 10%. The simulation model was initialized as a 1/8th of a 9- 
spot pattern with 180 active cells and 9 pseudo-components. Ten years of air injection were 
simulated.
The objective of these field scale studies is to simulate reservoir patterns 
using the minimum number of grid blocks, as for example 1/8* element of symmetry of an
inverted nine-spot pattern having a total area of 2.5 acres (10,118 m2). Hybrid grids are 
introduced to provide grid refinement in well areas and the burn front path. A Cartesian grid 
(9*5*4) is used with 180 active cells having four layers having 80 ft net pay thickness. Four 
phase (gas, oil, water and solid coke) compositional models have been initialized with STARS, 
the CMG non-iso-thermal simulator.
5.4.2 Reservoir Simulation Mode! Data
Rock Properties, Relative Permeabilities and Capillary Pressures.
Basic reservoir parameters used in reservoir simulation model initializations are 
summarized in table 5.7. Porosity of all the layers is assumed constant, 0.23 (fraction).
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Horizontal permeability is also assumed constant, 60 md. The vertical to horizontal 
permeability ratio is assumed constant in the range from a high value of 0.5 (kv/kh=0.5) to a
low vertical to horizontal permeability ratio of 0.1 (kv/kh=0.1) representative of stratified 
reservoirs. The vertical to horizontal permeability ratio can be used as a parameter to study the 
reservoir gravity parametric effects, such as steam or air override.
The initial oil saturation is assumed 66% and the irreducible water saturation 
45%. Residual oil saturation for a water and oil system is assumed 15% and for gas and oil 
system 10%. After water flooding and at the beginning of a fireflood the residual oil saturation 
is calculated numerically and analytically. Average oil saturation at the end of a water flood is 
evaluated at 30%. Numerical evaluation of oil saturation ai the end of water flooding provides 
the saturation distributions for numerical simulation of a fireflood following the water flood. The 
initialization conditions are summarized in table 5.7.
Miscibie relative permeability functions of capillary pressure number have 
been calculated. However, only immiscible rock relative permeability curves have been used 
as a pessimistic assumption in the appraisal of thermal improved oil recovery processes 
against water flooding and other immiscible displacement processes. No temperature 
dependence of relative permeability or capillary pressure is assumed in the high pressure light 
oil North Sea simulation runs. It is also assumed that there is no hysterisis effect on relative 
permeability. The interstitial water saturation equals the irreducible water saturation, 
Sjw =Sw jr=0-45. The residual oil saturation for the water and oil system is Sorw=0.15 and the 
residual oil saturation for the gas and oil system is Sorg=0.10 and the critical gas saturation is 
Sgc=0.06. Fluid saturation, relative permeability and end point assumptions are given in table 
5.8.
End point and relative permeability values are determined from reservoir core 
and sand pack studies and from history matching the combustion tube experiment 
hydrocarbon recovery, oxygen consumption and flue gas breakthrough. Relative 
permeabilities models were used because of lack of experimental data.
TABLE- 5 .7  RESERVOIR ROCK IN]UIALISATION PARAMETERS.
Porosity 0.23
Horizontal Permeability, md 60
High vertical to horizontal permeability ratio (ky/k^) Option 0.5
Low vertical to horizontal permeability ratio (kv/kh) Option 0.1
UN-FLOODED RESERVOIR
Soi, Initial Oil Saturation 0.66
Sgi, Initial Gas Saturation 0.00
Swi, Initial Water Saturation 0.34
WA TER FLOODED RESERVOIR
Soi, Oil Saturation at the Water flood end 0.30
Sgi, Initial Gas Saturation 0.00
Swi, Initial Water Saturation 0.70
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TABLE- 5 .8  RELATIVE PERMEABILITY & END POINT DATA.
RELATIVE PERMEABILITY
Water - OH System
Data
Siw =  Interstitial Water Saturation = 0,45
Swir =  Irreducible Water Saturation =Siw = 0,45
Sorw =  Residual Oil saturation(Water/Oil System)= 0,15
Sorg =  Residual Oil saturation(Gas/Oil System)= 0,1
Sgc =  Critical Gas saturation = 0,06
Kroiw = Oil Relative Permeability at Interstitial Water Saturation = 0,4
Krwro = Water Relative Permeability at Residual Oil Saturation = 0,1
Krgro = Gas Relative Permeability at Residual Oil Saturation = 0,2
Sw Krw Krow sg Krog Krg
0,45 0 0,4 0,06 0,075111 0
0,5 0,000552 0,30625 0,1 0,060494 0,004665
0,55 0,003125 0,225 0,15 0,044444 0,015743
0,6 0,008611 0,15625 0,2 0,030864 0,030544
0,65 0,017678 0,1 0,25 0,019753 0,048291
0,7 0,030882 0,05625 0,3 0,011111 0,068557
0,75 0,048714 0,025 0,35 0,004938 0,091061
0,8 0,071618 0,00625 0,4 0,001235 0,115599
0,85 0,1 l,93E-33 0,55 0,004938 0,2
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Figure 5.2 Relative Permeabilities, kro, krw.
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Figure 5.3. Relative Permeabilities, krog, krg.
5.4.3 Reservoir Fluid Properties.
A compositional approach, based on the Peng-Robinson equation of state and 
pseudo-component parameters are presented in the tables 5.9 and 5.10 below. The fully 
compositional approach provides an accurate reservoir fluid characterization. However, the 
significant number of the components involved and the related extensive numerical effort in 
reservoir simulation makes this approach impractical. Therefore, pseudo-component approach 
is used, where components are grouped in pseudo components reducing the number of the 
components for acceptable accuracy and reasonable numerical effort. The proposed method 
for selection of pseudo components and averaging equation of state (EOS) parameters have 
been tested with good results simulating combustion tube experiments.
Typical chosen North Sea petroleum examples, two light and medium oil are:
1. Near Critical Petroleum Fluid ’A’
2. Petroleum Fluid ’B’
Neither Clair oil nor light Australian crude is similar to typical volatile high GOR 
North Sea type crude. However, similar PVT and chemical reaction characterization approach 
can be adopted. Due to high GOR a smaller number of pseudo-components can be used to 
characterize the heavy ends, for example even one Cz+ pseudo-component. Chemical 
reaction characterization can be based on direct and indirect oxidation with coke formation in 
two stages to CO and CO2.
Near Critical Petroleum Fluid 'A'
Petroleum fluid ’A’ provides satisfactory fluid characterization at near-critical 
conditions in the reservoir. Nearly critical reservoir fluids characterize very volatile petroleum 
reservoirs. Such fluids could be found frequently in the deep high-pressured Jurassic horizons 
in the North Sea. Reservoir fluid composition and properties are given in the table below:
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TABLE- 5.9 NORTH SEA RESERVOIR FLUID COMPOSITION AND
PRC>PERTIES - PETROLEUM FLUID *A'
Component Zi Mole Fraction M. Weight Pc, Kpa Tc, OK 0)
H20 0 18,0153 22054,9487 647,30 0,3443
02 0 31,9988 5042,8253 154,60 0,0216
CO 0 28,0100 3499,0892 132,90 0,0484
C02 0,0242 44,0100 7384,2847 304,20 0,2667
N2 0,0046 28,0134 3399,8047 126,20 0,0372
H2S 0 34,0800 8963,1841 373,20 0,0948
CH4 0,5072 16,0430 4587,7713 190,60 0,0104
CH3-CH3 0,0986 30,0700 4871,1458 305,40 0,0979
CH3-CH2-CH3 0,0658 44,0970 4247,1703 369,80 0,1522
n-Butane 0,0283 58,1230 3796,2532 425,16 0,1995
i-Butane 0,0082 58,1230 3639,7422 407,85 0,1852
n-Pentane 0,0157 72,1500 3368,7783 469,71 0,2514
i-Pentane 0,0097 72,1500 3381,1888 460,43 0,228
C6 0,0193 86,1770 3012,3193 507,40 0,2994
C7 0,0312 100,2040 2735,8396 540,20 0,3494
C8 0,0317 114,2310 2486,9388 568,80 0,3977
C9 0,0218 128,2580 2287,6804 594,60 0,4445
CIO 0,0136 142,2850 2104,2798 617,60 0,4898
C10+ 0,1201 274,2500 221,1000 1387,79 0,6834
TOTAL 1 65,23076 3831,3581 418,99 0,17260542
TABLE- 5.10 RESERVOIR FLUID COMPOSITION AND PROPERTIES
PETROLEUM FLUID 'B'
Component Zi Mole 
Fraction
M. Weight Pc, Kpa Tc, OK CO
H20 0 18,0153 22054,95 647,3 0,3443
02 0 31,9988 5042,825 154,6 0,0216
CO 0 28,01 3499,089 132,9 0,0484
C02 0,0036 44,01 7384,285 304,2 0,2667
N2 0,0059 28,0134 3399,805 126,2 0,0372
H2S 0 34,08 8963,184 373,2 0,0948
CH4 0,4081 16,043 4587,771 190,6 0,0104
CH3-CH3 0,0738 30,07 4871,146 305,4 0,0979
CH3-CH2-CH3 0,0788 44,097 4247,17 369,8 0,1522
n-Butane 0,0396 58,123 3796,253 425,16 0,1995
i-Butane 0,012 58,123 3639,742 407,85 0,1852
n-Pentane 0,0209 72,15 3368,778 469,706 0,2514
i-Pentane 0,0133 72,15 3381,189 460,4278 0,228
C6 0,0284 86,177 3012,319 507,4 0,2994
C7 0,0415 100,204 2735,84 540,2 0,3494
C8 0,0437 114,231 2486,939 568,8 0,3977
C9 0,034 128,258 2287,68 594,6 0,4445
CIO 0,0252 142,285 2104,28 617,6 0,4898
C10+ 0,1712 287,16 221,1 1387,79 0,6834
TOTAL 1 86,50054 3398,893 504,02799 0,22788807
The petroleum Molecular Weight is calculated equal to 65.2 and the bubble 
point pressure 5296 psi. The critical temperature and critical pressure are computed with the
EOS. Oil density at standard conditions is 46 °API, corresponding to 0.797 specific gravity.
Nearly Critical Petroleum Fluid 'B'
Petroleum fluid ’B’ is less volatile than oil A and it represents sub-critical 
condition in the reservoir. Such fluids occur frequently in deep high-pressured reservoirs in the 
North Sea. Nearly critical conditions in high-pressure light oil reservoirs may lead to high oil 
recovery with thermal IOR processes. Abrupt saturation changes associated with thermal IOR 
processes in nearly critical conditions may reduce the numerical stability in reservoir
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simulation. Reservoir fluid composition and properties are given in the table 5.10.
The oil molecular weight is calculated equal to 86,5 and the bubble point 
pressure is 4241 psi. The critical temperature and critical pressure have been computed with
the EOS. Oil density at standard conditions is 39 °API, corresponding to 0.830 specific 
gravity.
5.4.4 Phases and Pseudo-components.
The same pseudo-compositional approach is used for both oils A and B 
targeting minimum number of pseudo-components. A more accurate fluid characterization 
requires CO2 and CH4 as components because of their important role in the mass transfer
between the phase distribution phenomena and displacement.
A minimum number of 3 hydrocarbon pseudo-components is required, 
methane gas, CH4, light petroleum fraction, C2-C6, and a heavy C7+ petroleum fraction. A 
petroleum gas component, such as CH4, is necessary for light hydrocarbon characterization. 
The C7+ petroleum pseudo-component is sufficient for the heavy petroleum fraction 
characterization in reservoir simulation studies of light volatile petroleum having higher light 
hydrocarbon mole fractions and lower heavy hydrocarbon mole fractions in comparison with 
medium petroleum.
Two air components, N2 and O2 , are introduced due to their different role in
combustion reactions. Finally, Carbon monoxide, CO, is introduced as separate intermediate 
component from combustion reactions, mainly because of its reactivity with oxygen, O2 . An
alternative pseudo-component consisting of N2 and CO will be an oversimplification. 
Introducing CO as an additional component, the chemical reaction kinetics and stoichiometry 
are accurately and efficiently characterized in two oxidation stages by a smaller number of 
chemical reactions and parameters.
Three dimensional reservoir simulation models have been initialized with 
petroleum fluid A, having four phases oil, gas, water and an immobile solid coke fuel phase 
and nine components, or pseudo-components, as follows:
PETROLEUM FLUID’A’
1. Original Formation Water
2. Methane gas, CH4, with 0,5072 mole fraction.
3. A light petroleum component: C2-C6; A pseudo-component C2-C6 with molecular weight
46.76 and mole fraction 0.2456, is representing the light oil component of the ’A’ petroleum 
fluid
4. A C7+ heavy petroleum component: The pseudo-component C7+ with molecular weight
203.37 and mole fraction 0.2184, is properly representing the heavy oil component of
volatile light North Sea oil.
5. CO2 , Carbon dioxide gas component, soluble in the liquid hydrocarbon phase.
6. N2 , Nitrogen gas component soluble in the liquid hydrocarbon phase.
7. 02, Oxygen gas component, insoluble in the liquid hydrocarbon phase.
8. CO, Carbon monoxide gas component, insoluble in the liquid hydrocarbon phase.
9. Coke as solid phase component.
Detailed pseudo-component properties and calculated volumes with gas liquid 
compositions in one stage separation are given in table 5.11 and 5.12. A first summary of the 
properties of the pseudo-components is also given in the table 5.11.
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TABLE- 5 .1 1  PETROLEU
Pseudo
components
H 20 C7+ C2-C6 CH4 N2 C02 02 CO COKE
Molecular
Weight
18 203.37 46.76 16.04 28 44.01 32 28.01
Critical Pressure 
KPa
22054.95 1331.7 4266.6 4587.77 3399.8 7384.3 5042.8 3499.1
Critical
Temperature °K
647.3 987.0 369.2 190.6 126.2 304.20 154.60 132.9
VI FLUID ’A ’
The calculated bubble point of the petroleum liquid and detailed one-stage 
separation values are presented in table 5.12. In heavy petroleum reservoirs, heavy petroleum 
fraction composition of the reservoir and the separator fluid are practically the same due to low 
concentration of light components in the heavy fraction, while significant compositional 
differences between reservoir and separator conditions are experienced for North Sea type 
light petroleum.
TABLE- 5.12a PETROLEUM FLUID PSEUDO COMPONENT PROPERTIES OF





M.Weight Pc, psia Tc, OR (0 Ki Ki*zi
1 C02 0,0242 44,01 1071 547,56 0,2667 0,6205 0,0150
2 N2 0,0046 28,01 493,1 227,16 0,0372 3,1169 0,0143
- H2S 0 34,08 1300 671,76 0,0948 0,2149 0,0000
3 CH4 0,5072 16,04 665,4 343,08 0,0104 1,5135 0,7676
4 C2-C6 0,2456 46,758 614,676 670,27 0,157855 0,1034 0,0254
5 C7+ 0,2184 203,37 282,749 1226,73 0,558315 5,139E-05 0,0000
TOTAL 1 65,23 578,394 620,843 0,172605 0,8224
Bubble Point Pressure, psi = 5296,26
Tres = 219 °F
Pres = 6440 psi
TABLE- 5.12b RESERVOIR FLUID PSEUDO COMPONENT PROPERTIES OF
PETROLEUM FLUID A ’





Pc, psia Tc, oR (0 Zi Mole 
Fraction
1C 15psi 40oF Xi yi
1 H20 18,02 3198,80 1165,14 0,344 0,0000
2 CH4 16,04 665,40 343,08 0,010 0,5072 246,8077 0,0027 0,6605
3 C2-C6 46,76 614,68 670,27 0,158 0,2456 4,9981 0,0604 0,3019
4 C7+ 203,37 282,75 1226,73 0,558 0,2184 0,0001 0,9370 0,0001
5 C02 44,01 1071,00 547,56 0,267 0,0242 37,3852 0,0008 0,0313
6 N2 28,01 493,10 227,16 0,037 0,0046 696,0306 0,0000 0,0060
- H2S 34,08 1300,00 671,76 0,095 0,0000 11,6571 0,0000 0,0000
7 02 32,00 731,40 278,28 0,022 0,0000 0,0000
8 CO 28,01 507,50 239,22 0,048 0,0000 0,0000
9 COKE
TOTAL 1,0000 1,0009 0,9997
Vcalc=0,767727
In the same way, three dimensional reservoir simulations are initialized with
petroleum fluid B, including four phases oil, gas, water and solid coke fuel phase. Nine 
components or pseudo-components are introduced as follows:
PETROLEUM FLUID B '
1. Original Formation Water
2. Methane gas, CH4, with 0,5072 mole fraction.
3. A light petroleum component: C2-C6; A pseudo-component C2-C6 with molecular weight
46.76 and mole fraction 0.2456, is representing the light oil component
4. A C7 + heavy petroleum component: The pseudo-component 0 7 + with molecular weight
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203.37 and mole fraction 0.2184, is properly representing the heavy oil component of light 
North Sea oil.
5. CO2 , Carbon dioxide gas component, soluble in the liquid hydrocarbon phase.
6. N2 , Nitrogen gas component soluble in the liquid hydrocarbon phase.
7. O2 , Oxygen gas component, insoluble in the liquid hydrocarbon phase.
8. CO, Carbon monoxide gas component, insoluble in the liquid hydrocarbon phase.
9. Coke as solid phase component.
A first summary of the pseudo-component properties is presented in the tables 
5.13 and tables 5.14a and 5.14b for petroleum fluid B.
TABLE- 5.13 PETS
=>LUo FLUID ’B’ -METR►1C UNITS
Pseudo
components
H20 C7+ C2-C6 CH4 N2 C02 02 CO COKE
Molecular Weight 18 209.57 50.56 16.04 28 44.01 32 28.01
Critical Pressure 
KPa
22054.95 1238.52 4082.1 4587.77 3399.8 7384.28 5042.83 3499.09
Critical
Temperature oK
647.3 1015.98 388.91 190.6 126.2 304.20 154.60 132.9






M. Weight Pc, psia Tc, OR 0) Ki Ki*zi
1 C02 0,0036 44,01 1071 547,56 0,26670 0,6205 0,0022
2 N2 0,0059 28,01 493,1 227,16 0,03720 3,1169 0,0184
- H2S 0 34,08 1300 671,76 0,09480 0,2149 0,0000
3 CH4 0,4081 16,04 665,4 343,08 0,01040 1,5135 0,6177
4 C2-C6 0,2668 50,56 592,1 700,03 0,17290 0,0756 0,0202
5 C7+ 0,3156 209,57 282,2 1226,52 0,55873 5,133E-05 0,0000
TOTAL 1 86,50 525,33 717,18 0,22789 0,6585
Tres = 219 °F 
Pres =6440 psi 
Bubble Point Pressure =4240,595 psi









1 H20 18,02 3198,80 1165,14 0,344 0,0000
2 CH4 16,04 665,40 343,08 0,010 0,4081 246,8077 0,0026 0,6313
3 C2-C6 50,56 592,06 700,03 0,173 0,2668 3,2194 0,1097 0,3533
4 C7-C10 53,80 162,24 1226,52 0,188 0,1444 0,0010 0,4060 0,0004
5 C10+ 287,16 221,10 1387,79 0,683 0,1712 0,0000 0,4823 0,0000
6 C02 44,01 1071,00 547,56 0,267 0,0036 37,3852 0,0001 0,0055
7 N2 28,01 493,10 227,16 0,037 0,0059 696,0306 0,0000 0,0091
- H2S 34,08 1300,00 671,76 0,095 0,0000 11,6571 0,0000 0,0000
8 02 32,00 731,40 278,28 0,022 0,0000 0,0000
9 CO 28,01 507,50 239,22 0,048 0,0000 0,0000
10 COKE
TOTAL 1,0000 1,0007 0,9996
5.4.5Phase Equilibrium Data (K-Vaiues).
The equilibrium ratios, Ki, which indicate the partitioning of pseudo-component 
liquid and gas phase have been calculated using Wilson’s and Standing’s correlations and the 
Peng-Robinson EOS as presented in chapter 3 (3.26.6.3 & 3.26.6.4). The equilibrium ratios, 
Ki, are not a function of the pressure and temperature alone, but also a function of the 
composition of the hydrocarbon mixture. Wilson’s correlation is a simplified thermodynamic
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expression for estimating K values and generates reasonable values for equilibrium ratios 
when applied at low pressures. Standing’s correlation is accurate for a wider range of 
pressures. The Ki values for a number of pseudo-components are presented in tables and 
graphs for various petroleum studies, such as tables 5.12a and b and tables 5.14a and b.
Due to high gas content, a hydrocarbon gas component, like CH4, is 
necessary for proper light oil characterization. The oil is divided into methane gas, CH4, a light 
fraction, C2-C6, and a heavy C7+ petroleum fraction. If an oil phase consists of two 
components only, a heavy C7+ non-volatile component and a C2-C6 volatile component, then K- 
values, which increases with pressure can result in the appearance of gas from saturated oil 
as pressure increases at constant temperature.
This physically unreasonable phenomenon can cause numerical divergence, 
repeated extensive time step cutting in reservoir simulation, wasted computing cost and 
physically meaningless results. If the oil phase is comprised of more than one volatile 
component and K-value of one of these increases while the other decrease with pressure, then 
physical validity may exist and stable solutions may be obtained. An appropriate equation of 
state based on model with properly chosen parameters or a higher number of hydrocarbon 
pseudo-components eliminates this possible problem.
PVT characterization of light North Sea petroleum using 3 pseudo­
components can be justified because of the high GOR one heavy oil pseudo-component such 
as C7+ would be sufficient for the PVT characterization, while at the same time it is a test of the 
methodology used to generate the ki values. Whenever the process description includes a 
volatile light oil component, convergence difficulties may arise if the distillable component’s K- 
values are both large and inconsistent with its critical properties. While critical property values, 
Pc and Tc, are used mainly in determining the gas phase compressibility Z from an equation of
state and otherwise are generally unimportant parameters. Several data sets have been 
encountered wherein critical property values were specified along with inordinately large K- 
values for the distillable components. These problems result in the formation of gas phase 
consisting almost entirely of the distillable component at pressure and temperature conditions 
where a component with such critical properties would normally be a liquid. As pressure and 
temperature vary, the equation of state employed in the determination of gas phase density 
calculates liquid Z-factors oscillating between liquid and gaseous Z-factors, destroying
convergence. Proper specification of critical property values consistent with the K-values for
these components may eliminate such convergence difficulties. The quality of the k-values 
generated by Wilson’s and Standing’s correlations is good and the above mentioned phase 
distribution problems are eliminated.
Successful simulation prediction cases for North Sea oil fluids A and B prove 
that proper light petroleum PVT characterization with 3 pseudo-components is achievable 
leading to stable numerical models.
5.4.6 Oil Viscosity.
Oil viscosity at the reservoir temperature is approximately 0.42cp. Oil component 
viscosity is calculated according to Andrade's equation. Oil viscosity for the pseudo­
components is also given by the following formulae:
m 0= 4 .4 * 109 T"3-4 (5.1)
m o= 2 0 * 1 0 9 T -3 .4  (5.2)
Gas phase viscosity for the oil pseudo-components is given by the following formulae: 
M og= 0 .5* 10-4  T 9 -9 (5.3)
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Hiog= 1.0* IO- 4  TO-9 (5.4)
Viscosity of the oil component is given as a function of the temperature from the 
following table of parameters:
TABLE- 5.15 LIQUID VISCOSITY COEFFICIENT 
PETROLEUM FLUID ’A’
Pseudo component avisc bvisc
1 H20 7,52E-03 1384,86
2 CH4 1,38E-01 114,14
3 C2-C6 1,89E-01 222,98
4 C7+ 5,99E-02 194,20
CD C02 4,41 E-02 578,08
6 N2 1,41E-01 90,30
- H2S 1,26E-01 342,79
7 02 1,89E-01 85,68
8 COKE
Other Reservoir Fluid properties.
Compressibility is 7.3*1 O'7 kPa'1 (5*1 O'6 psi'1). The coefficient of thermal
expansion is
3.8*10"4 °R'1, the constant specific heat is 2.1 kJ/(kg*°K) or (0.5 Btu/lbm*°R. The average 
molecular weight is 130.13
TABLE- 5.16 GAS HEAT CAPACITY COEFFICIENT




CPG1 CPG2 CPG3 CPG4 HVR,Btu Ibmol R
1 H20 7,70 2,55E-04 7,78E-07 -1,47E-10 1657
2 CH4 4,60 6,92E-03 6,83E-07 -4,64E-10 535
3 C2-C6 0,04 -3,14E-03 9,12E-10 1,37 1009
4 C7+ 0,20 -5,43E-05 6,33E-09 3,89 2333
5 C02 4,73 9,74E-03 4,13E-06 7,03E-10 991
6 N2 7,44 -l,80E-03 l,98E-06 -4,78E-10 438





6,71 -4,88E-07 l,29E-06 -4,36E-10 482
5.4.7 Chemical Reaction Stoichiometry.
The oxidation of oil during air injection involves numerous competing reactions 
occurring over different temperature ranges. For a deep, high pressure light North Sea 
petroleum reservoir at 99 °C (210 OF) reservoir temperature, various chemical reaction 
schemes are examined:
1. Direct oxidation of the hydrocarbon pseudo-components;
2. High and Medium Temperature Oxidation (HMTO) reactions, which are fuel formation 
medium temperature (MTO) homogenous gas phase distillation and pyrolysis reactions 
and high temperature (HTO) heterogeneous fuel combustion reactions burning the fuel 
formed during MTO;
3. Gas-liquid Low Temperature Oxidation (LTO) reactions produce little or no carbon oxides, 
extending up to about 300 °C in in-situ combustion processes generating in-situ nitrogen 
and oxidized forms of hydrocarbons because of the total oxygen consumption in low 
temperature oxidation reactions.
High and Medium Temperature Chemical Reaction Stoichiometry.
It is assumed that a high temperature reaction scheme is the prevailing, due to
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high reservoir temperature and short petroleum auto-ignition time with sufficient high air influx 
and sufficient fuel availability and generation. The following chemical reactions have been 
used in this chemical reaction scheme:
C h e m ic a l R e a c tio n  1:
C ra c k in g  o f h e a v y  C -/+  oil to  lig h t oil a n d  coke : C 7 + C 2 - C + C oke
C h e m ic a l R e a c tio n  2 :
C ra c k in g  o f h e a v y  C -/+ o il to  gas a n d  co ke : C-/+  -> CH4  + C o ke  
C h e m ic a l R e a c tio n  3:
C o k e  Burning: C o k e  + C>2 -> H2 O + C O  + e n e rg y
C h e m ic a l R e a c tio n  5:
C -/+  H eavy Oil Burning: C 7 + + O 2  -> H2 O + C O  + e n e rg y
C h e m ic a l R e a c tio n  6:
C 2 -C 6  L ight Oil Burning: + ° 2  H2 ° + c o  + e n e rg y
C h e m ic a l R e a c tio n  4:
CH 4  G as burn ing : CH 4  + 3 /2  O 2  -> 2  H2 O + C O  + e ne rg y
C h e m ic a l R e a c tio n  7:
C O  burn ing : C O  + 1/2 O 2  -»  C O 2  + e ne rgy
The chemical reaction stoichiometry is summarized in the following table 5.17
TABLE- 5 .17  IN-SITU COMBUSTION STOICHIOMETRY: 
HIGH AND MEDIUM TEMPERATURE OXIDATION
1. HEAVY PETROLEUM C7+ CRACKING TO COKE and C2-C6
C 14.395 H 23,752 ->  0.20432 











12 HEAVY PETROLEUM C7+ CRACKING TO COKE and CH4
C 14.395 H 23,75154 -> 0.299893 C 1 H 4 + 14.09498 CH 1.6
H/C RATIO 1.65
MW 196,49 16 13.60
MASS BALANCE -196.5 4,798 191,7 D(MASS) 0
3. COKE BURNING
C 1.000 H 1.6 + 0.9 02 -------- > 0.8 H20 + 1 CO 1
H/C RATIO 1.6
MW 13.6 32 18 28
MASS BALANCE -13.6 -28.8 14.4 28 D(MASS) 0
4. C7+ PETROLEUM BURNING
C 14.395 H 23.752 + 13.1353 02 —> 11.876 H20 + 14.3949 CO 1
H/C RATIO 1.65
MW 196.49 32 18 28
MASS BALANCE -196.49 -420.3 213.763 403.06 D(MASS) 5.68E-14
5. C2-C6 LIGHT PETROLEUM BURNING
C 3,117 H 8.5106 + 3.68638 02 -> 4.2553 H20 + 3.11745 CO 1
H/C RATIO 2.73
MW 45.92 32 18 28
MASS BALANCE -45.92 -117,96 76.5957 87.2885 D(MASS) 1.42E-14
6. CH4 GAS BURNING
C H 4 + 1.5 02 -> 2 H20 + 1 CO 1
MW 16 32 18 28
MASS BALANCE -16 -48 36 28 D/MASS) 0
7. CO BURNING
C O + 0.5 02 -> 1 CO 2
MW 12 16 32 44
MASS BALANCE -28 -16 44 D(MASS) 0
5.4.8 Kinetic Parameters in High and Medium Temperature Chemical 
Reaction Kinetics.
Combustion kinetics and thermodynamic relationships are imposed as local 
constraints within each cell. These relationships require many input parameters, such as 
activation energy, frequency factor, reaction order, phase equilibrium constant, etc., which are
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either unavailable or very difficult to determine through routine laboratory experiments. This is 
one source of difficulties in using a kinetic-based model. Combustion tube chemical reaction 
kinetic data are upscaled and due to their uncertainty are finally used as matching parameters. 
Table 5.18 summarizes chemical reaction kinetic parameters used in North Sea type of oil
simulation studies.
TABLE- 5 .1 8  ISC  REACTION PARAMETER VALUES FOR REACTIONS IN  TABLE 5 .1 9
REACTION ENTHALPY REACTION ACTIVATION ENERGY
BTU/lbmole FREQUENCY BTU/lbmole
1 4.0E4 4.167E5 3.33E4
2 6.0E3 4.167E5 2.7E4
3 2.25E5 4.167E2 2.52E4
4 4.74E6 3.0E10 3.33E4
5 9.0E6 3.0E10 3.33E4
6 1.25E7 3.02E10 5.945E4
7
5.4.9 Combustion Tube Test Simulation Data.
Combustion Tube tests are performed and are simulated with hydrocarbon 
fluids having the composition of the separator stabilized oil without the light reservoir oil 
components. This approach is considered as practical and sufficient for the PVT 
characterization in the petroleum reservoir study. Three against 4 hydrocarbon pseudo 
components have been considered in the field scale for appropriate simulation of light 
hydrocarbons and hydrocarbon gases. The number of the pseudo-components are 
constrained due to considerably higher CPU time and RAM memory requirements in the field 
scale in comparison with the combustion tube experiment simulation runs. Three hydrocarbon 
pseudo-components are sufficient for light volatile North Sea type petroleum due to high 
content of light hydrocarbons and relatively low content of high molecular weight hydrocarbons 
in the volatile hydrocarbon fractions.
5.4.10 Operating Conditions -  Well Management Routines.
Operational constraints for the producers are liquid production 2000 B/D and 
maximum water cut 90%. Well indices, Wl, are calculated according to the operational 
constraints for the producers. For the 1/8 9-spot pattern the well rates and indices are defined 
as fractions of the values specified in the well data, 0.125 for the injector and the corner 
producer and 0.25 for the edge producer. Operational constrain of maximum injection 
pressure of 1000 psi is define for the injector.
5.4.11 Numerical Stability and Time Step Control.
Convergence criteria are specified. Repeated time step chopping is used to 
achieve convergence in grid blocks covering the combustion front. Automatic time step 
chopping is chosen by the simulator, if the convergence criteria have not been achieved. 
Excessive time step chopping for convergence in combustion front grid blocks may be required 
especially for nearly critical light petroleum very close to the bubble point. In spite of excessive 
time step chopping, convergence is difficult for these conditions and numerical stability is 
uncertain. Front tracking techniques in non-iso-thermal reservoir simulation may improve 
numerical stability and reduce the requirements for excessive time step chopping.
Reservoir simulation model divergence, repeated time step cutting, wasted 
computational effort, and physically meaningless results may result from erroneous or 
unrealistic K-value data. Component K-values should therefore be carefully scrutinized to 
ensure that their pressure and temperature variances are both reasonable and an appropriate 
description of the phenomena involved.
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The specification of K-values increasing with increasing pressure can cause 
divergence, repeated extensive time step chopping, wasted computing cost and physically 
meaningless results. A pre-run during initialization of a new simulation study to check PVT and 
other data is useful. If a volatile component possesses a K-value, which increases with 
pressure, these initial test pre-runs may be critical and important for the proper initialization of 
the simulation reservoir model.
5.4.12 Reservoir Simulation Grid Block System.
To test the sensitivity of the models to grid size, the results of doubling the 
number of blocks in the radial and vertical directions were examined. The effect of vertical 
override is somewhat pronounced in the finer grid. However, the breakthrough times and oil 
recovery differ by a small percentage. It was concluded that the 9*4 cross-sectional grid was 
adequate for the pattern study.
The 9*5 and 18*10 areal grid was refined from 1 acre to 120 acres to examine 
the effects of areal grid block size on the simulation results. Blocks were modified to reproduce 
accurately the reservoir volume and geometry in 3D. Areal grid refinement had an effect on the 
movement of the combustion front implying that gridlock size sensitivity was a problem.
5.4.13 Simulation Results.
Injection Fluid Sensitivities.
Simulation studies were conducted with a variety of flood injection fluids so 
that the air and oxygen supported in-situ combustion processes floods could be compared on 
the field scale against the N2 , CO2 . Steam injection for the reservoir conditions of deep high
pressure light oil reservoirs is considered impractical. Flooding simulation predictions were 
continued until the economic limit, higher than 99% water cut or oxygen breakthrough at one of 
the producers. Because the time scale for this process is large and the reservoir behind the 
front is close to the high combustion front temperature, heat losses to the adjacent formations 
are a major-consideration. The heat loss parameters have been modified from their rock 
values in the prediction runs to match the peak temperature near the expected combustion 
front temperature.
Cross-sectional plots of the advancing gravity stabilized fronts in a reservoir of 
8.8° dip angle and horizontal up-dip producer -  horizontal down-dip injector using 5 vertical 
grid blocks, such the grid block system in figure 5.1, predict tendency for air override. The 
simulation results of homogenous horizontal light petroleum reservoirs with vertical producers 
and injectors indicate, as expected, higher air override tendency in the vertical fluid distribution. 
The modelling of the vertical layer with four reservoir simulation grid blocks was adequate. 
However, higher number of grid blocks vertically is preferable to study gravity effects especially 
in high thickness reservoirs. The oil recovered is proportional to the amount of air or other 
fluids injected. A complicating factor was that the high injection rates reduce numerical stability. 
The oil production rates show that there is a distinctive difference in behavior between the 
edge producer and comer producer.
Comparative Field Scale Simulation Prediction Runs.
Water Flood.
Water flooding in a homogeneous horizontal high-pressure reservoir is 
simulated from the production start-up to the water flood economic limit. The restart file of the
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simulation for the last step is the restart file for subsequent in-situ combustion prediction runs 
and Improved oil recovery (IOR) processes, such as CO2  and N2 floods. Non-iso-thermal
water displacement was studied with STARS by CMG. High water flood light oil recovery 
reduces the potential post water flood air flood oil recovery. However, significant un-recovered 
light oil reserves remain in place to be recovered by a post water flood ISC project.
Carbon Dioxide (CO2)  Fiood -  CO2 as the Injection Fluid.
The nearly isothermal CO2  flood prediction runs have been studied as means 
to evaluate the potential of this process in comparison to air flood and to reveal the impact on 
oil recovery of the CO2  flue gas product of the combustion reactions. Carbon dioxide, CO2 is
soluble in the liquid hydrocarbon and the aqueous phases. In reservoir simulation prediction 
cases carbon dioxide, CO2, is assumed soluble in both the liquid petroleum phase and the 
aqueous phases. Significant CO2 volumes may be dissolved in H2 O at high water saturations,
delaying the beneficial effects of miscible oil displacement by CO2 .
The comparisons of the field scale simulation prediction cases of CO2 flood in 
an un-flooded versus water flooded reservoir indicate that a post water flood CO2 flood is 
preferable. Water flood in high pressure deep light oil reservoir and post water flood CO2 flood 
will provide accelerated incremental production of some incremental oil recovery and lower 
overall cost. However, the predicted CO2  flood oil recovery of un-flooded reservoirs is lower in 
comparison to the predicted oil recovery by in-situ combustion in un-flooded reservoirs.
Nitrogen (N2)  Flood -  N2 as the Injection Fluid.
Nitrogen injection is considered as conservative minimum performance 
prediction for in-situ combustion processes taking into account the gas displacement effects 
and ignoring the favourable thermal effects of in-situ combustion.
Light petroleum recovery by N2 flooding in an un-flooded reservoir is 
comparable to the recovery from a water flood reservoir in the same period. Water production 
in N2  flooding is predicted to be lower than from water flooded reservoir. Also longer well 
natural flow periods and lower artificial lift requirement have been predicted. Similar recoveries 
are predicted for all the hydrocarbon components.
Air Flood - Air as the Injection Fluid.
Light oil recovery by in-situ combustion in an un-flooded reservoir at the same 
level as the water flood recovery requires a longer production period. However, water 
production in air floods is predicted lower than in the water flooded reservoirs. Lower artificial 
lift requirements and an extended natural flow period can be explained as the result of lower 
water-cuts in air floods. Minor recovery differences are predicted for the various oil 
components. High air injection rates reduce numerical instability.
The comparisons of the field scale simulation prediction cases of in-situ 
combustion in an un-flooded versus water flooded reservoir indicate that a post water flood air 
injection is preferable. Air injection in un-flooded reservoirs is more attractive for lower well 
density. Water flood in high-pressure deep light oil reservoir followed by post water flood air 
injection will provide cost-effective accelerated production and incremental oil recovery.
Oxygen (O2)  Flood - O2 as the Injection Fluid.
Comparison of prediction runs of oxygen flood against air flood can be used to support the 
choice whether to use air or oxygen in in-situ combustion processes. Using oxygen rather
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than air reduces the amount of gas injected by about four-fifths for the injection of the same 
amount of oxidant. A large volume of inert gas flowing ahead of the fire-front would tend to 
override the oil, establishing a preferred path for the fire-front. This problem would be 
particularly severe in a thick pay zone and could result in early breakthrough of the combustion 
zone. The absence of the nitrogen also increases the partial pressure of the principal gaseous 
combustion product, carbon dioxide. This can lead to large quantities of CO2 dissolving in the
oil, which results in swelling and viscosity reduction, both of which promote the flow of oil.
5.4.14 Sensitivity Results.
Decoupling Area! and Vertical Effects.
Three-dimensional non-isothermal simulations are generally time consuming 
and expensive, and since many runs were made for the sensitivity studies, a technique for 
reducing the computer time and storage requirements was necessary. It was assumed that 
the phenomena that cause incomplete vertical flooding were independent of the causes of 
partial areal flooding. If so, the 3-D sweep efficiency would be the product of the areal and 
vertical efficiencies. To test the hypothesis a 3D 9*5*4 simulation of the reference reservoir 
was performed using the cross-sectional representation with the 9*4 and 18*8 grid. In addition 
two corresponding 9*5 and 18*10 areal simulations were run with one layer vertically. Two 9*4 
vertical cross-sectional simulations (one for each production well) were conducted. The 
reservoir volume used for each vertical simulation was based on corresponding 3D volumes.
Areal and cross-sectional simulation runs suffered from the same 
convergence and numerical instability problems as the 3D simulation cases. In a number of 
cases, 2D and areal, cross-sectional simulation models suffered from more severe 
convergence and numerical instability problems than 3D simulation models. Hence, the 
expected reduced computer CPU time for 2D areal and cross-sectional models was not 
realized and the decoupling of areal and vertical effects was considered impracticable.
Pattern Type.
Simulation predictions were performed on a one-twelfth of a seven-spot 
pattern and one-eighth of a nine-spot pattern. Nine- and seven-spot patterns with the same 
well spacing can be compared directly.
Comparisons of the results of different well pattern types were inconclusive. 
Nearly similar ultimate recoveries were obtained for the nine-spot and seven-spot patterns, 
respectively. Differences in ultimate recoveries may not be significant, since numerical 
dispersion and grid orientation can cause differences of this size.
5.4.15 Well Spacing.
It was assumed that the air injection rate in the simulation studies is roughly 
proportional to pay thickness to achieve planned front speeds. The temperature front 
presented in figure 5.5a for 2.5 acre well spacing pattern as in figure 5.5 is sufficient for the 
evaluation of the potential of the in-situ combustion processes in air-flood. Temperature 
profiles the 1/8* 9-spot pattern presented in figure 5.4 are given in figure 5.5d. Oil and water 
rates have been predicted in air-injection in-situ combustion processes and are presented in 
figure 5.6. The kinetic controlled model was not satisfactory for solving field scale problems for 
well spacing above 2.5 acres, especially for 120 acre well spacing typical in the North Sea field 
developments. Keeping the number of the grid blocks constant and increasing the well
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spacing, larger grid blocks are used and unrealistic small rise in temperature results in the field 
scale models. Therefore, high number of grid blocks, about 10,000 grid blocks, is necessary 
to keep the grid block size the same as in the 2.5 acres studies. Very powerful hardware 
platforms are required in ISC non-isothermal simulation, because of the required high grid 
block number, high number of pseudo-components in the PVT characterization and a 
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Figure 5.4 Reservoir Simulation Grid Block System l/8 m of 9-Spot Pattern.
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Figure 5.5a Air injection supported in-situ combustion- Temperature Map.
The high simulation block numbers lead to longer computer running time for 
the available hardware platform when the block size is decreased and simulation block 
numbers are increased. A reactant-controlled model has been used for simulating field scale 
in-situ combustion processes for 120 acre well spacing. Modified Arrhenius activation energies 
were reduced to zero to sustain reaction at reasonable rate at the block temperature. The 
reactant-controlled model is unable to predict some of the benefits of the highly efficient 
displacement related to the combustion front processes.
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Figure 5.5b Temperature Front in 2.5 Acres Spacing 9 Spot Pattern.
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Figure 5.6 Oil and W ater Rates.
2.5 Acre Well Spacing Un-flooded Reservoir
Simulation prediction runs based on kinetic controlled models with low well 
spacing are useful to appraise the results of simulation prediction runs based on reactant 
controlled models with high well spacing. The simulation results of water-flood and in-situ 
combustion processes supported by air and oxygen and other processes for low well spacing,
2.5 acre acres of 1/8^  9-spot pattern are reported in Tables 5.19 and 5.20.
The predicted water flood oil recovery in one year is high and equal to 36.4% 
indicating favourable conditions for accelerated oil production by water flooding leaving low 
incremental potential for post-water-flood IOR. The recovery of heavy and light hydrocarbon 
components is practically the same. Significant water production is associated with the water 
flood oil recovery.
T A B L E  5 .1 9  F IE L D  S C A L E  S IM U L A T IO N  P R E D IC T IO N S  
1 Y E A R  P R O D U C T IO N  P E R IO D  U N -F L O O D E D  R E S E R V O IR  
-  2 .5  A C R E S  -1 /8 T H  9 -S P O T  P A T T E R N
PREDICTION
RUN
CUMULATIVE PRODUCTION PROD. OIL 










WATER FLOOD 6,73 3,47 55,85 0,364 -
002 FLOOD 3,69 1,96 1,47 0,1996 3449
N2FLOOD 6,95 2,26 0,33 0,3757 327
ISC- AIR FLOOD 4,29 4,16 1,42 0,2321 2643
ISC- 02 FLOOD 3,10 1,60 1,41 0,1674 1105
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TABLE 5.20 FIELD SCALE SIMULATION PREDICTIONS
2.5 YEAR PRODUCTION PERIOD - UN-FLOODED RESERVOIR 















C02 FLOOD 4,87 2,56 1,48 0,2633 1596
N2 FLOOD 9,37 3,06 1,94 0,5067 95
ISC- AIR FLOOD 6,00 3,05 1,43 0,324 215
The carbon dioxide simulation prediction cases suffer from excessive 
numerical instability. The time step length and CO2  injection rate had to be constrained to 
reduce numerical instability. The recovered oil to injected CO2  ratio is 3449 Bbls/MMSCF in 
the first year and 1596 Bbls/MMSCF in 2 1/2 years. Convergence and numerical stability of 
the nitrogen injection prediction runs were better compared with air, O2  and CO2  injection.
CO2  is soluble in both the liquid petroleum and the aqueous phase and the sophisticated mass
transfer to two instead of one phase is related to numerical instability. Time steps were 
constrained in the nitrogen injection prediction runs to control numerical instability. The 
recovered oil to injected N2  ratio is 327 Bbls/MMSCF in the first year and 95 Bbls/MMSCF in 2 
1/2 years.
The simulation predictions of in-situ combustion using oxygen in high pressure 
light petroleum also suffers from excessive numerical instability, because of the steeper 
saturation, temperature and pressure step changes at the front. Numerical dispersion is higher 
with air and oxygen injection. High air and oxygen injection rates reduce severely numerical 
instability. Increasing numerical instability caused the termination of some oxygen injection 
prediction runs after one production year. Lower light oil recovery by oxygen flooding, 16.74% 
in one year is questionable because lower accuracy due to numerical instability and lack of full 
convergence for a number of short time steps. Numerical stability has to be improved and 
front tracking to be introduced for a proper appraisal of in-situ combustion by oxygen flooding.
The produced oil to injection volume ratio is considered more appropriate 
indicator of numerical instability of the simulation models than an indicator of the recovery 
efficiency of the processes.
120 Acre Well Spacing Un-flooded Reservoir
Simulation results covering 20 year production period of water-flood and IOR 
processes in un-flooded high pressure light petroleum reservoirs with 120 acre well spacing 
are summarized in table 5.21
TABLE 5.21 FIELD SCALE SIMULATION PREDICTIONS 













WATER FLOOD 7,247 3,91 9,2725 0,369
C02 FLOOD 6,798 3,66 7,7796 0,346
N2 FLOOD 6,613 3,52 7,8612 0,336
ISC- AIR FLOOD 7,756 4,16 7,0351 0,394
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Similar hydrocarbon recovery performance was predicted for water-flood, in- 
situ combustion and the other IOR processes. However, in-situ combustion performance was 
the best among the recovery processes examined. The in-situ combustion performance is 
underestimated at the low well density simulated by large grid blocks, because of lower 
predicted combustion front temperature than the actual front temperature, which 
underestimates the sweep efficiency. Therefore, in-situ combustion can be justified in high- 
pressure light petroleum reservoirs on the basis of total incremental oil recovery criterion. 
However, high water flood light oil recovery in un-flooded reservoirs reduces oil recovery in the 
potential post water flood air injection. Higher cumulative water production was predicted in 
water-flood indicating potential artificial lift requirements, higher costs and earlier well 
abandonments leading to lower hydrocarbon recovery.
In comparison with the high well density predictions in table 5.19 and table 
5.20, the simulation results in table 5.21 for high well spacing represent more realistic 
estimates of field scale recovery and confirm conclusions from low well spacing.
Lower In itia l Oil Saturation - IOR Processes in Water-flooded Reservoirs
The effect of reducing the initial oil saturation from 68% corresponding to an 
un-flooded reservoir to the corresponding for water flooded reservoirs were examined. The 
main effects were reduced fuel availability and less energy generated per burned volume, 
resulting in a smaller extinction radius. Only a few cases with different pay thicknesses were 
simulated, and these were for pattern sizes where extinction of the front was not significant.
120 Acres Well Spacing Water-flooded Reservoirs
Simulation results of post-water-flood IOR processes in high-pressure light 
petroleum reservoirs with 120 acre well spacing are summarized in Table 5.22.
TABLE 5.22 FIELD SCALE SIMULATION PREDICTIONS 
POST-WATER-FLOOD IOR - 120 ACRES -1 /8T H  9-SPOT PATTERN
CUMULATIVE PRODUCTION
PREDICTION POST-WATER-FLOOD INCREMENTAL
RUN PETROLEUM GAS WATER OIL
MM BBLS BCF MM BBLS RECOVERY
EXTENDED WATER-FLOOD 1,688 0,87 2,6645 0,086
C02 FLOOD 2,144 1,09 2,6715 0,109
N2 FLOOD 2,173 1,08 2,6305 0,111
ISC- 02 FLOOD 2,259 1,16 2,6795 0,115
PRE- AND POST-WATER-FLOOD TOTAL
EXTENDED WATER-FLOOD 8,935 4,78 11,937 0,454
C02 FLOOD 9,391 5,00 11,944 0,478
N2 FLOOD 9,420 4,99 11,903 0,479
ISC- 02 FLOOD 9,506 5,06 11,952 0,484
Post-water-flood simulation results reveal incremental recovery potential by in-
situ combustion and other processes in high-pressure light petroleum reservoirs. High 
predicted cumulative water production for the examined recovery processes is due to the prior 
water-flood. Post-water-flood incremental in-situ combustion performance was the best by a 
marginal difference among the recovery processes examined. However, in-situ combustion 
performance is underestimated because of the grid block effect associated with thin flame front 
tracking and lower predicted combustion front temperature. Therefore, in-situ combustion
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processes can be justified in water-flooded high-pressure light petroleum reservoirs. Oxygen 
breakthrough was not predicted in post-water-flood simulations. However, the predictions 
could be optimistic, because of air channelling.
5.4.16 Front Tracking & Thin Flame Techniques for Field Scale 
Simulation.
Many reservoir processes develop distinctive fronts that move through the 
reservoir. In processes where the fronts tend to be self-sharpening, saturation-changes occur 
over relatively small distances. Combustion front tracking is extremely important for the most 
important in-situ combustion recovery mechanisms in high pressure light oil reservoirs 
including vaporization drive, CO2, N2 and steam displacement mechanisms. (Aziz and Antonin 
Settari, 1979) Lack of combustion front tracking simulation capability tends to significantly 
underestimate the recovery mechanisms associated with the combustion front development in 
high-pressure light oil reservoir. This is because of inability to simulate favourable excessive 
mass transfer between phases and efficient front displacement mechanisms.
The classical procedure for front tracking is to solve numerically partial 
differential equations that govern changes of potential and saturation or temperature with time. 
These equations do not explicitly indicate front formation. However, fronts do develop in the 
solution. The most commonly used industrial reservoir simulators are based on finite 
difference methods to approximate the partial differential equations that describe fluid flow in 
porous media. Usually five point difference schemes are used. The classical procedures work 
well if saturation profiles are not too steep. Traditional numerical methods have a tendency to 
smear discontinuities owing to numerical dispersion. The numerical dispersion results in a less 
accurate estimate of the position of the fluids and their motion in the reservoir leading to 
underestimates of the reservoir performance.
The front tracking capability of ‘STARS’ appears to be good in field scale 
simulations for high well density corresponding to a well spacing up 2.5 acres. However, for 
well spacing above 2.5 acres, the in-situ combustion simulation capabilities will be improved by 
advanced 3D front tracking techniques, especially in high pressure light petroleum reservoirs, 
where sharp saturation fronts are developed. By introducing the front discontinuities, as 
separate entities, their positions can be simulated more accurately. The crucial point is to 
represent the physical discontinuities (saturation fronts) correctly. In front tracking, the sharp 
change in saturation is replaced by a step function, that is, a discontinuous function.
In two dimensional problems, each front can be represented as a piece-wise 
linear curve. The speed of these fronts can be computed, and the saturation equation can be 
solved away from the fronts by a standard numerical method based on a standard reservoir 
simulation grid. A numerical method is based on a piecewise linear approximation of the flow 
function (flux function). This approximation leads to a saturation profile that is piecewise 
constant. The saturation therefore is represented by a step function with discontinuities 
(fronts).
The saturation consists solely of a step function with a set of discrete fronts in 
an efficient front-tracking numerical algorithm. The solution converges toward a continuous 
solution in the domains where the physical solution is continuous as the number of fronts 
increases. In processes where dispersion is high and/or Buckley-Leverett effects are 
important, these fronts disperse and saturation-changes occur over a large section of the 
reservoir. Standard discretization methods adopting finite difference schemes do not handle 
such discontinuities effectively. For sharp fronts, a very fine mesh around the front is needed 
to be able to achieve good resolution. If the front is very sharp, as in the case of a combustion 
front, it can be treated as a discontinuity. The problem is then reduced to locate the front with
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1. In-situ combustion in high-pressure light oil reservoirs can be modelled reasonably well at 
the field scale with ‘STARS’ the non-isothermal simulator by CMG. The combustion front 
development and front velocities are, however, only predicted satisfactorily at the field 
scale, if a sufficiently high number of small grid blocks is used . Field scale numerical 
modelling of in-situ combustion in deep high pressure light petroleum reservoirs can 
predict a number of essential features. However, the field scale performance above 2.5- 
acre well spacing cannot be modelled satisfactorily, because of the large grid block sizes 
involved. Therefore, a higher number of grid blocks and more powerful hardware with 
parallel computer processing capabilities are required. Further development of non-iso­
thermal reservoir simulators may include combustion front tracking capabilities with parallel 
computer processing.
2. The parameters in the simulation model were optimized so that a sensitivity study could be 
performed efficiently and accurately. Vertical variation in permeability can be modelled 
adequately using minimum four layers. Higher number of reservoir simulation grid blocks 
are required as the reservoior thickness increases. Areal and cross-sectional grid block 
systems were tested for grid orientation effect and sensitivity to grid size variations. 
Nevertheless, a higher number of grid blocks, above 1,000 grid blocks, is required for 
pattern 3D simulation of air injection in-situ combustion processes or about 10,000 grid 
blocks for full field scale reservoir simulation.
3. PVT and chemical reaction characterizations are very important for light oil high pressure 
reservoirs. At least three to four hydrocarbon pseudo-components are required to 
characterize light North Sea oil. The number of the hydrocarbon pseudo-components 
used in the prediction studies was constrained to three to investigate if 3 pseudo­
components can be used with no major convergence problems and can provide 
reasonable accuracy. Difficult convergence and numerical stability problems were 
experienced with three hydrocarbon pseudo-components (CH4, C2-C0 and C j+y
Nevertheless, accuracy with 3 pseudo-components is satisfactory without excessive 
numerical instability. Therefore, in future studies the minimum number of pseudo­
components in ISC simulation studies is 4 and the preferable 5 pseudo-components.
4. Air injection rates associated with high front velocities are linked with reduced numerical 
stability caused by lack of front tracking capability. Conventional numerical convergence 
criteria have to be re-examined for cases of sharp temperature and saturation changes.
5. Detailed understanding of the immiscible and miscible displacement processes involving 
CO2 , the combustion product, and N2 , the inert gas, have been shown in chapter 4 and 5 
to be important, but validation of the miscible relative permeability models from 
experimental data was inconclusive. Therefore, immiscible relative permeability models 
were used in field scale homogenous horizontal light petroleum North Sea reservoirs 
benchmarking this way the minimum ISC performance. The CO2  and N2  miscibility at the
combustion front will improve reservoir displacement processes in high-pressure light 
petroleum reservoirs above the performance simulated with immiscible relative
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permeability models.
6. Simulation runs were planned to terminate immediately prior to oxygen breakthrough. At 
this time there are significant amounts of mobile oil remaining and it may be possible to 
increase recovery by post ISC water flooding and/or re-injecting the produced Carbon 
Dioxide (CO2 ). CO2  injection can be efficient presuming that there is a suitable and
sufficient source of C02* Air and oxygen-supported combustion are the most efficient IOR
processes generating CO2 in-situ and can be combined with water injection.
7. The areal and vertical aspects of the 3D combustion process can be decoupled. However, 
comparable convergence and numerical stability problems for 3D and 2D areal or cross- 
sectional simulations, do not allow any considerable savings in computer time by 
introducing 2D areal or cross-sectional models.
8. Hybrid radial and Cartesian grids, the type of grids used in the field scale studies, are 
extremely useful for combining radial grids around well bores with Cartesian grid. Control- 
Volume Finite-Element (CVFE) grid is a beneficial and flexible grid option for a pattern 
thermal EOR simulation with complex reservoir geometry. If these grid systems are not 
associated with numerical instability problems, grid blocks can be concentrated around the 
wells and the thermal front paths to provide better resolution without an excessive increase 
in computational cost.
9. The simulation runs have shown that there is the potential to mobilize and produce large 
amounts of residual oil by air injection leading to in-situ combustion, even with large well 
spacing. Three-dimensional simulation predictions may provide a first estimate of the 
recoverable oil. Post water-flood in-situ combustion processes increase ultimate recovery 
from 37% 001P (primary water-flood) to 48 % 001P for a typical North Sea reservoir 
studied with 120 acre well spacing.
5.4.18 Recommendations.
1. Further development of 3D front tracking, thin flame and parallel processing techniques 
are needed to improve simulation capabilities of in-situ combustion processes in high- 
pressure light petroleum reservoirs.
2. Miscible relative permeability models have to be validated for thermal EOR processes in 
the laboratory and the field scale.
3. Miscible, super-critical steam drive is predicted to occur in deep high pressure light 
petroleum reservoirs, near the combustion front region for prevailing pressure and 
temperature conditions predicted at the critical water/steam region in the simulation 
prediction cases studied. Present reservoir fluid characterization is sufficient at steam and 
water critical point. However, evaluation of the impact from miscible super-critical steam 
drive requires finer girding, front tracking and thin flame techniques at the combustion front 
and the steam bank regions.
4. North sea pilot tests and development of ISC correlations similar to Gates and Ramey’s 
will facilitate and assist North Sea field implementation assessment of ISC.
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5 .5  SIMULATION OF AIR INJECTION PROCESSES IN GAS
CONDENSATE RESERVOIRS.
Air injection can be implemented in gas condensate reservoirs as an IOR 
process alternative to gas cycling. In addition to pressure maintenance in gas cycling, air 
injection in gas condensate reservoirs provides pressure maintenance and higher reservoir 
temperature as a second effect to bring the hydrocarbon system in the single-phase region. 
The gas cycling process increases condensate recovery by increasing vaporization, reducing 
condensation and increasing re-vaporization by pressure maintenance. An alternative 
technique for maintaining reservoir in the gas phase region above the dew point could be 
thermal energy injection or generation in the reservoir increasing the reservoir temperature. 
At higher temperature and pressure, liquid petroleum evaporates in the gas phase and higher 
recovery is achieved by producing gas instead of liquid hydrocarbons.
In-situ combustion of hydrocarbons and selective combustion of reservoir 
combustible non-hydrocarbon gases, such as H2S, could be considered as a low cost 
alternative more efficient process to gas cycling.
Implementation of air injection in gas condensate reservoirs is an extension of the 
air flooding technology applicable in high-pressure light petroleum reservoirs. In tight gas 
condensate reservoirs with oil rims, petroleum evaporation in the gas zone is the only way for 
commercial petroleum production from the oil rim. Asphaltenes in the liquid petroleum phase of 
gas condensate reservoirs are frequently an obstacle in oil rim production. Application of air 
injection in gas condensate reservoirs with oil rim rich in asphaltenes solves low oil rim 
productivity and recovery due to the presence of asphaltenes, while asphaltenes are used as 
fuel in ISC processes.
An additional objective of air injection in gas condensate reservoirs is the 
reduction of the condensate bank effect by pressure maintenance and temperature increase. 
Pressure decline below the dew point in gas condensate reservoirs may lead to reservoir 
conditions into two phase regions, resulting in condensate drop-out especially in the vicinity of 
the well completions and significant reduction in gas deliverability and condensate recovery.
Gas cycling and air injection in gas condensate reservoirs are processes 
reducing condensation and increases liquid recovery by re-vaporization. Gas cycling, an 
energy intensive process associated with high capital and operating cost, is less effective than 
air injection in gas condensate reservoirs for improved condensate recovery as a process for 
maintaining reservoir pressure in the gas single phase region above the dew point. The gas 
cycling process delays natural gas sales for long periods of time and it is economically 
unattractive. Air injection does not suffer from deferred gas production and it is associated with 
higher liquid hydrocarbon production.
As a first applicability appraisal of air injection in gas condensate reservoirs, a 
pseudo-compositional reservoir simulation model is used in comparative studies to evaluate 
hydrocarbon recovery in reservoir depletion without pressure maintenance, gas cycling, air 
injection and other techniques.
5.5.1 Gas Condensate Reservoir Improved Hydrocarbon Recovery.
Various gas condensate reservoir improved hydrocarbon recovery techniques 
targeting pressure maintenance have been proposed so far, such as:
•  Water injection
•  Carbon dioxide injection or reinjection
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•  Hydrogen sulphide injection or reinjection
•  Flue gas injection
All of these improved oil recovery methods do not affect the reservoir 
temperature. Water injection in gas condensate reservoirs but also in petroleum reservoirs 
may have detrimental temperature effects by cooling the reservoir. Reduction in reservoir 
temperature diminishes petroleum recovery especially in gas condensate reservoirs. The 
cooling effect due to water flooding is well documented for a number of North Sea reservoirs. 
Therefore, comprehensive compositional reservoir non-isothermal simulation studies are 
necessary to appraise the applicability of water injection in gas condensate reservoirs.
The impact of flue gas, CO2 and H2S injection on the dew point of gas 
condensate reservoirs has to be assessed by compositional PVT studies. Improved 
condensate recovery can be achieved by:
•  minimum gas condensate bank development reducing the well pressure drawdown by 
hydraulic fracturing;
•  oil rim development with oil producing wells converted to flue gas injectors;
•  oil rim development with oil producing wells converted to air injectors or water injectors with 
NH4NO3 or H2O2 for in-situ combustion of the asphaltenes and more efficient recovery of 
the liquid hydrocarbons in the gas phase.
5.5.2 Improved Hydrocarbon Recovery by Air Injection in Gas 
Condensate Reservoir.
The main objective of air injection in gas condensate reservoirs is production 
by gas flow of both the gas and liquid petroleum phases, hence, allowing liquid 
hydrocarbon production from tight reservoirs. The impact of the injected nitrogen on the 
dew point of gas condensate reservoirs has to be assessed by compositional PVT studies. 
Oxygen enriched air or oxygen injection comparative compositional reservoir simulation 
studies will reveal the optimum option of the injection fluid.
Heavy petroleum components and asphaltenes in the oil rim are used as fuel. 
Upstream the combustion or oxidation region the bulk of the oil rim evaporates forming 
steam and vaporized petroleum condensate banks miscibly displacing petroleum and gas.
High recovery is expected because of high miscible displacement efficiency. For 
successful implementation of air injection in gas condensate reservoirs, optimized 
production and injection well patterns have to be examined. Downdip air injection in the oil 
rim is the unavoidable option, which may lead to liquid hydrocarbon cracking, gas 
formation, upstream gas flow and continuous backflow of liquid hydrocarbons. Downdip 
air injection in the oil rim may justify producing well locations closer to the oil rim to 
accelerate liquid hydrocarbon production, if water coning is not a problem.
High pressure and temperature conditions in gas condensate reservoir may 
result in air injection operating conditions close to the water critical point and beneficial 
miscible hydrocarbon displacement by super-critical water/steam is possible.
5.5.3 Gas Condensate Reservoir Recovery Mechanisms.
Advanced modelling of gas condensate reservoir is required for reliable field 
deliverability, production profile prediction and optimum number and location of producers.
High well and field deliverability uncertainty in the gas condensate reservoir is related to 
reservoir characterization uncertainties and the development of condensate banking.
Well test and historic production data have to be integrated in stochastic reservoir
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characterization. Stochastic reservoir characterization realizations conditioned to well tests and 
upscaled permeabilities are used in well performance and in single well or full field reservoir 
simulation models to provide assessment of the well deliverability uncertainties. Low risk field 
production predictions can be provided by integration of field production history in stochastic 
reservoir characterization.
Reservoir differential pressure depletion due to compartmentalization and zonal 
differential depletion due to vertical permeability heterogeneity are expected to be significant 
reservoir management issues in gas condensate wells. Compartmentalization caused by 
stress depended sealing faults and reservoir discontinuities requires integrated reservoir and 
rock mechanical simulation. The extent and geometry of the condensate bank will be related 
to heterogeneity and compartmentalization.
Optimum field gas deliverability and improved gas recovery can be achieved by
• minimum reservoir differential pressure depletion due to optimum reservoir management;
• minimum gas condensate bank development reducing the well pressure drawdown by 
hydraulic fracturing;
• Lean gas reinjection for a short period to achieve retrograde evaporation of the condensate 
bank and to eliminate pseudo-skin effect due to condensate bank.
• Electrical heating or other type of heating in the vicinity of the well bore to evaporate the 
condensate bank.
5.5.4 Gas Condensate Reservoir Simulation Model.
A pseudo-compositional reservoir simulation model is initialized for a typical 
North Sea gas condensate reservoir. The initial pressure distribution in the reservoir 
simulation models is initialized according to gravity head and capillary pressures. The residual 
oil saturations for a water and oil system is assumed to be 15% and for the gas and oil system 
10%. In contrast with the oil field scale simulation studies where immiscible relative 
permeability models have been used, in gas condensate reservoirs the displacement 
mechanism is assumed miscible and it is represented by straight-line relative permeability 
curves. The miscibility assumption is justified because of similar composition of gas and liquid 
condensate at the dew point or the reservoir temperature and pressure in miscible region.
The simulation model was initialized as a line drive pattern with 990 active 
cells and 11 components. Ten years of air injection were simulated. Summary of the 
initialization data are presented in table 5.23.
TABLE 5.23 RESERVOIR DATA USED IN FIELD SCALE SIMULATION
Initial Reservoir Temperature 280 °F
Initial Reservoir Pressure at datum 8205 ft TVDss 6000 psia
Grid Block Dimensions (Number of Grid Blocks) 22*9*5
Reservoir Pattern Block Dimensions 2742*865*350 ft
Grid Block Size 192-96ft*96ft*70 ft
Reservoir Dip, degrees 8.81
Reservoir Depth 8500 ft
Sand Thickness 350 ft
Porosity 0.17
Initial Gas Saturation 0.65




The reservoir includes vertically five layers; it was simulated using five vertical 
reservoir simulation grid blocks. The reservoir properties were assumed to be homogeneous 
except three permeability heterogeneity cases, in which high permeability layers at the top,
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middle and bottom layers are assumed respectively. Reservoir pressure at the end of the air 
flood has been maintained above to the dew point pressure to maximize condensate recovery.
5.5.5 Gas Condensate Reservoir Simulation Mode! Data.
Relative Permeability and Capillary Pressure Data.
Nearly miscible relative permeability and non-Darcy flow are strongly coupled. Inertial 
resistance gives rise to a higher capillary number, which makes the use of proper near- 
miscible relative permeability curves more important. In its turn, the improved mobility of the 
gas phase due to a higher capillary number enhances the importance of the inertial resistance.
The combined effect of condensate dropout and non-Darcy flow may cause 
large pseudo-skins in gas condensate reservoirs. Well impairment may be grossly 
overestimated if the dependence of relative permeability on the capillary number is ignored.
Gas Condensate PVT Fluid Properties.
Hydrocarbon fluid composition typical of North Sea gas condensate reservoir 
has been used. The reservoir temperature and pressure are practically at the dew point and 
depletion or draw-down pressure reduction results in condensate dropout. The gas 
condensate composition is summarized in the following table 5.24.
The adopted gas condensate PVT fluid characterization methodology is 
identical with the light oil PVT fluid characterization. A compositional approach, based on an 
equation of state and pseudo-component parameters presented in the table 5.25 below. 
There is no alternative to a compositional approach, for accurate reservoir fluid 
characterization in gas condensate reservoir simulation, especially in the case of air injection 
and gas cycling. The selection of pseudo components and averaging equation of state (EOS) 
parameters have been based on experience from light petroleum reservoir studies and are 
summarized in table 5.25.
Based on light petroleum combustion tube experiment simulation experience, 
five hydrocarbon pseudo-components have been chosen in the hydrocarbon PVT 
characterization in the gas condensate field scale simulation studies. The chosen five 
petroleum pseudo-components are considered sufficient to simulate vaporization of gas 
condensate accurately in the field scale. The total number of components and pseudo­
components is 11, and they are summarized in the table 5.25
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TABLE 5.24 RESERVOIR HYDROCARBON COMPOSITION









H20 0 18.0153 3198.8 1165.14 0.3443 0.00843
02 0 31.9988 731.4 278.28 0.0216 3.73747
CO 0 28.01 507.5 239.22 0.0484 3.81869
0 0 2 1.9125 44.01 1071 547.56 0.2667 1.04683
N2 0.785 28.01 493.1 227.16 0.0372 3.90085
H2S 0 34.08 1300 671.76 0.0948 0.37260
CH4 78.43 16.04 665.4 343.08 0.0104 2.03640
CH3-CH3 6.84 30.07 706.5 549.72 0.0979 0.53623
CH3-CH2-CH3 3.175 44.10 616 665.64 0.1522 0.19118
n-Butane 1.21 58.12 550.6 765.29 0.1995 0.07364
i-Butane 0.4973 58.12 527.9 734.13 0.1852 0.09254
n-Pentane 0.5672 72.15 488.6 845.47 0.2514 0.03125
i-Pentane 0.385 72.15 490.4 828.77 0.228 0.03706
C6 0.77 82.00 436.9 913.32 0.2867 0.01443
C7 0.88 97.00 396.8 972.36 0.2899 0.00751
C8 0.85 113.00 370.2 1023.84 0.332 0.00397
C9 0.83 129.00 331.8 1070.28 0.3727 0.00206
CIO 0.79 144.00 345.5 1111.68 0.4114 0.00128
C11 0.33 156.30 325.2 1155.9 0.4484 0.00068
C12 0.3 170.30 308.6 1190.5 0.4839 0.00040
C13 0.29 184.40 290 1225.7 0.5181 0.00023
C14 0.27 198.40 278 1256.1 0.5507 0.00014
C15 0.19 212.40 265.4 1283.7 0.5818 0.00009
C16 0.155 226.40 253.8 1311.1 0.6117 0.00005
C17 0.14 240.50 242.8 1337 0.6405 0.00003
C18 0.12 254.50 232.8 1361.8 0.6679 0.00002
C19 0.094 268.50 224.2 1385 0.6942 0.00001
C20 0.019 282.50 215.8 1408.4 0.7194 0.00001
C21 0.018 296.60 207.2 1428.9 0.7438 0.00001
C22 0.017 310.60 199.8 1450.1 0.7671 3.697E-06
C23 0.016 324.60 192.8 1469.3 0.7896 2.476E-06
C24 0.015 338.70 186.2 1489 0.8114 1.644E-06
C25 0.014 352.70 180.8 1508.6 0.8323 1.098E-06
C26 0.013 366.70 174.2 1526.4 0.8526 7.437E-07
C27 0.012 380.70 169 1544 0.8722 5.080E-07
C28 0.011 394.80 163.4 1561.5 0.8914 3.453E-07
C29 0.01 408.80 158.4 1579.9 0.91 2.322E-07
C30 0.009 422.80 153.4 1595.9 0.9282 1.609E-07
C31 0.008 436.90 149 1613.5 0.9462 1.090E-07
C32 0.007 450.90 144.4 1629.3 0.9637 7.547E-08
C33 0.006 464.90 140.4 1645.2 0.9811 5.218E-08
C34 0.005 478.90 136 1661.2 0.9982 3.582E-08
C35 0.004 493.00 132 1676.8 1.0154 2.467E-08
C36 0.003 507.00 128.5 1691.6 1.0325 1.719E-08









1. WATER 18 3155 705.7
2. C21+ 361.52 156.81 1066.24
3. C10-20 183.00 299.80 750.56
4. C6-9 105.59 383.08 536.26
5. C2-5 40.52 645.62 168.29
6. Cl 16. 667.2 -116.59
7. C02 44.01 1071. 87.56
8. N2 28.01 500. -232.84
9. 02 32 730. -181.72
10. CO 28.01 507.5 -220.78
11. COKE
The PVT pseudoization approach for the gas components in the air such as 
oxygen, O2 and nitrogen N2, and the combustion gases, such as carbon monoxide, CO, and 
carbon dioxide CO2, remained unchanged as in the light oil field scale studies.
Mass transfer of the heavier hydrocarbon components is more severe in gas 
condensate field scale studies. The equation of state approach is an established methodology 
for up-scaling the PVT behaviour of gas and liquid hydrocarbon systems. PVT parameters 
such as boiling point, molecular weight are matched.
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5.5.6 Chemical Reaction Stoichiometry & Kinetics.
The chemical reaction stoichiometry and kinetics used in light petroleum studies have 
been adopted for gas condensate studies, because of lack of data for gas condensate 
hydrocarbon systems. The hydrocarbon system used in light oil field studies is considered 
sufficient for gas condensate chemical reaction characterization. Using the light petroleum 
chemical reaction characterization in gas condensate simulation studies, the basic assumption 
is that the oxidation and combustion mechanisms remained unchanged. In a gas condensate 
system with predominately light hydrocarbon components, direct oxidation is expected to be 
more important than indirect oxidation with coke formation unless the heavy hydrocarbon 
fractions are rich in asphaltenes.
TABLE-5.26a CHEMICAL REACTION STOICHIOMETRY IN GAS CONDENSATE 
SIMULATION STUDIES -  HYDROCARBON CRACKING.
IN-SI TU COMBUSTION STOICHIOMETRY FOR NORTH SEA - II TYPE OF Oil
C21+ HEAVY PETROLEUM CRACKING TO C2-C5 ft COKE
C 25.7041 H 53.0665 ->
H/C RATIO 2.0645 
MW 361.515
O
4.0458 C 2.7627 
2.6682 
40.5240


















C21 + HEAVY PETROLEUM CRACKING TO CH4 ft COKE
C 25.7041 H 53.0665 -> 
























C21+ HEAVY PETROLEUM CRACKING TO C6-C9 ft COKE
C 25.7041 H 53.0665 ->
H/C RATIO 2.0645 
MW 361,515
■J
2.4106 C 7,3999 
2,2694 
106.5916


















C10-C20 HEAVY PETROLEUM CRACKING TO C2-C5 ft COKE
C 12.9395 H 27.7275 ->  2.5836 























C10-C20 HEAVY PETROLEUM CRACKING TO CH4 ft COKE
C 12.9396 H 27.7275 ->
























C6-C9 MEDIUM PETROLEUM CRACKING TO C2-5 ft COKE
C 7.3999 H 16.7930 ->
H/C RATIO 2.2694 
MW 105.591
X
1.5918 C 2.9585 
2.6682 
43.3963
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TABLE-5.26b CHEMICAL REACTION STOICHIOMETRY IN GAS CONDENSATE SIMULATION 
____________ STUDIES- COMBUSTION TO CO.
C21 + PETROLEUM BURNING TO CO
C 25,7041 
H/C RATIO 2,0645 
MW 361.515
H 53.0665 + 26.1186 02 ->  
32.0000





























C10-C20 MEDIUM PETROLEUM BURNING TO CO
C 12.9395 H 27.7275 + 13.4016 02 ->  
H/C RATIO 2.1429
MW 183.001 32.0000





























C6-C9 MEDIUM PETROLEUM BURNING TO CO
C 7.3999 H 16.7930 ♦ 7,8982 02 ->  
H/C RATIO 2.2694
MW 105.591 32.0000





























C2-C5 LIGHT PETROLEUM BURNING TO CO
C 2.7627 H 7.3715 + 3.2242 02 ->  
H/C RATIO 2.6682






























H 4.0000 + 1.5000 02 -> 
32.0000 
-48.0000










H KJ/MOLE 1653.60 
00
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TABLE-5.26c CHEMICAL REACTION STOICHIOMETRY IN GAS CONDENSATE SIMULATION 
________________________ STUDIES -  COMBUSTION TO C02._____________________
C21+ PETROLEUM BURNING TO C02
C 25.7041 H 53.0665 + 38,9707 02 
H/C RATIO 2.0645
MW 361.515 32.0000
—> 26.5332 H20 + 
18.0000




























C10-C20 MEDIUM PETROLEUM BURNING TO C02
C 12.9395 H 27.7275 + 19.8714 02 
H/C RATIO 2.1429
MW 183.001 32.0000
-> 13.8637 H20 + 
18,0000


























C6-C9 MEDIUM PETROLEUM BURNING TO C02
C 7.3999 H 16,7930 + 11.5981 




-> 8.3965 H20 + 
18.0000


























C2-C5 LIGHT PETROLEUM BURNING TO C02
C 4.9188 H 13.1245 + 8.1999 02 
H/C RATIO 2.6682































H 4.0000 + 2.0000 02
32.0000
-64.0000








H KJ/MOLE 1653.60 
00













O 1.0000 + 0.5000 02 
16.0000 32.0000 
-16,0000





H KJ/MOLE 1075.30 
00







H/C RATIO 1.6000 
MW 13.6000 
MASS BALANCE -13.6000
H 1,6000 + 1.4000 02
32.0000
-44.8000
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5.5.7 Simulation Results.
The reservoir simulation predictions highlight that air injection is an efficient improved 
hydrocarbon recovery technique in gas condensate reservoirs and ideal option for oil rim 
development. The results of the field scale gas condensate reservoir simulation prediction 
cases are summarized in table 5.29.

































8.S O iD D in a  
Reservoir




0.481 35.7 0.049 0 0 35.3
Air Injection 0.372 36.63 0.064 0 42.78 0
C 02 Injection 0.30 26.82 0.037 0 0 0
Low hydrocarbon recovery of both gas and petroleum condensate has been predicted 
in the gas condensate reservoir depletion prediction cases. This is due to reservoir pressure 
decline below the dew point and the associated condensate dropout. Also, in the tight 
reservoir characterization adopted, high well pressure draw down is leading to extensive 
condensate drop-out in the area surrounding the well bore and finally in the whole reservoir. 
Tight reservoirs of low permeability are unfavourable for liquid hydrocarbon flow processes 
leading to petroleum and condensate recovery.
Down dip air injection maintains pressure above the dew point. Air injection in the 
transition zone between the aquifer and the oil rim causes auto-ignition. The reservoir 
temperature increases because of in-situ combustion of hydrocarbons in the oil rim. Liquid 
hydrocarbons are evaporated in the gas phase. Finally the oil rim evaporates completely and 
the heavier hydrocarbons are produced as part of the gas stream arriving at the producer.
Gas recovery approaching 100% has been predicted. Also extremely high oil recovery is 
achieved as a result of very high sweep efficiencies and production of liquid hydrocarbons with 
gas flow. Gravity segregation accelerates nitrogen and unreacted oxygen breakthrough.
Water alternating gas and foaming techniques may be considered to delay nitrogen and 
oxygen breakthrough. After nitrogen breakthrough, which has been predicted 4 years after the 
production start-up, gas quality will deteriorate, as N2 content of the produced gas will 
increase.
Similar condensate recovery between the air injection and the gas cycling is predicted. 
However, about 36 BCF gas are immediately available for gas sales in the case of air injection, 
while gas sales are not available by gas cycling. In the gas cycling case, the produced gas of 
35 BCF is required for re-injection.
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5 .6  SOUR PETROLEUM IN -S IT U  COMBUSTION PROCESSES.
Non-hydrocarbon gases such as H2S and CO2 are soluble not only in gas and 
liquid hydrocarbon phases but also in aqueous phase. Dissolved non-hydrocarbon gases in 
the aquifer may improve reservoir performance and hydrocarbon recovery in a dual oil 
displacement by both gas and water. Dissolved H2S gas in the aquifer may be used as fuel in 
in-situ Combustion processes generating in-situ low cost hot water or steam at the water-oil 
contact. The feasibility of H2S combustion dissolved in the aqueous phase has to be 
examined in combustion tube experiments with H2S saturated water acquiring chemical 
reaction kinetic data. Safety issues have to be considered for a H2S combustion tube 
experiment.
A reasonable assumption, for sour reservoirs with considerable concentration of 
H2 S, is that H2 S concentration in both the aqueous and the liquid hydrocarbon phases is in 
thermodynamic equilibrium at the reservoir pressure and temperature. H2 S is dissolved in
both the connate water and the aquifer water. Geo-chemical, oil and gas migration data and 
wells drilled in aquifers of sour oil fields support the idea of phase equilibrium in both phases 
during the geological time.
If the non-hydrocarbon gas dissolved in the aquifer is ignored in the 
initialization of sour oil field reservoir simulation models, the original gas in place and 
hydrocarbon recovery will be underestimated. Reservoir pressure maintenance by water 
flooding in sour gas fields will not allow dissolved aquifer non-hydrocarbon gas to be 
separated from the aqueous phase and to expand in the gas phase. Hence, water flooding 
will depress the beneficial effects associated with the aquifer dissolved gas displacement.
Reservoir simulation models with and without non-hydrocarbon gas dissolved in 
the aquifer have been initialized for comparative studies to evaluate the impact of the aquifer 
dissolved non-hydrocarbon gas displacement mechanism. Water flooding performance and its 
effect on the aquifer dissolved non-hydrocarbon gas displacement mechanism has been 
evaluated with a simple numerical model in STARS the non-iso-thermal reservoir simulator by 
CMG. Finally air injection and H2S in-situ combustion below the Oil-Water Contact (OWC) has 
been studied using published values of combustion heats calculated from bond energies. 
Further numerical studies and experimental work is necessary to assess the ISC potential in 
sour petroleum reservoirs.
5.6.1 Sour Gas Reservoir Recovery Mechanisms.
Ignoring the above mentioned aquifer gas phenomena in reservoir simulation the 
models will underestimate both hydrocarbon recovery and reservoir energy due to the 
presence of the solution gas dissolved in the aqueous phase. Hydrogen sulphide, H2 S, in
solution in the connate water and aquifer water must be considered in the material balance 
equations and in reservoir model initializations. The solution gases in the aquifer and 
formation water may provide pressure support and additional gas available for production. A 
reduction in the reservoir and aquifer pressure due to oil and gas production from the 
reservoir will release a separate gas phase from the water phase. The separated solution gas 
from the aquifer and connate water may be available for production depending upon the 
quantity of this gas that is mobile.
Separated solution gas remaining immobile in the aquifer will occupy pore 
space occupied previously by aquifer water and displaced formation water from the aquifer 
will invade the oil zone. The effect of the separated solution gas in the aquifer will be a much 
stronger expansion of the aquifer water and a weak aquifer effect will become stronger. 
Mobile separated solution gas from connate water will be immediately available in the oil zone
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and mobile gas from the aquifer will be available in the oil zone by gravitational segregation. 
The effect of the solution gas from the water phase displacing oil to the producers will be 
similar to the solution gas drive mechanism.
The PVT properties like viscosity may change significantly due to the mass 
transfer of solution gas from the water phase and advanced compositional simulation taking 
into account this effect is necessary. Water saturation is reduced locally, because of the 
released solution gas from the water phase and the water relative permeability decreases. 
This effect decreases the aquifer support but the overall effect is strongly increased aquifer 
support, because of the high level of the volumetric expansion of aquifer gas. The water-flood 
in the Prinos sour oil field offshore Macedonia-Greece included injection of significant water 
volume, free of solution gas, which has not allowed aquifer pressure relief and activation of 
the dissolved aquifer-gas drive mechanism below the OWC. Release, re-pressuring and 
redistribution of the solution gas between the phases, has possibly taken place in different 
reservoir areas during the field production period particularly during production curtailment in 
different reservoir regions in reservoir simulation of this type of sour reservoirs. History 
matching and predictions will become meaningless, if the gas re-pressuring is not properly 
simulated.
5.6.2 Sour Petroleum Recovery by Hydrogen Sulphide Displacement.
The role of hydrogen sulphide, sulphur and its organic as well as inorganic 
sulphur compounds in thermal recovery of oil and the formation of hydrogen sulphide in 
thermal enhanced oil recovery processes has been studied by G.G. Hoffmann et al. in 1994 
and 1995. The effectiveness of CO2 and H2S in miscibly displacing light Canadian crude oil 
was evaluated by Jacobson in 1972 and H2S was proven to be more effective than CO2 in 
achieving miscibility. Also, H2S is more effective than carbon dioxide in displacing oil 
according to experimental work by Harvey A.H. and Henry R.L in 1977 in experiments of oil 
miscible displacement with CO2 oil recovery was in the range of 40 to 45%, while with H2S oil 
recoveries more than 80% were obtained. Hydrogen sulfide toxicity is an obstacle to its 
widespread use in field operation. However, produced H2S re-injection in sour gas 
condensate reservoirs such as Karachanak and Astrakhan in Russia can be considered.
In-situ generation of H2S gas is possible by reduction of the pressure and the PH in aquifers 
of sour petroleum reservoirs saturated with H2S. Hydrogen sulfide from the aquifer is 
separated in a gas phase and may form an H2S bank displacing oil. The high efficiency of oil 
recovery by H2S displacement Is an alternative to thermal oil recovery or ISC of hydrocarbons 
can be combined with the solution gas mechanism of H2S dissolved in the aquifer of sour 
petroleum reservoirs.
5.6.3 H2S Combustion Tube Experiments.
Combustion tube experiments with oil having high sulphur content are required to 
study the displacement mechanisms and the chemical reaction characterization of sour 
petroleum. Also combustion tube experiment with water saturated by H2S are required to 
validate the proposed liquid phase oxidation chemical reaction scheme with air or oxidants 
such as NH4NO3 or H2O2 in alkilne solution with NaOH.
5.6.4 Sour Petroleum Reservoir Simulation Model.
A high pressure, combustion tube experiment of H2S saturated water at 100 
bar has to be planned to investigate feasibility of the liquid phase H2S combustion and to 
provide data for the design of sour oil field ISC projects. H2S gas has to be compressed in a 
sand pack saturated with water of formation water salinity in a vertical combustion tube until
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the aqueous phase is saturated by H2S. The gas saturation of the sand pack has to be 
maintained equal to zero and the water saturation equal to 1. The H2S solubility in the aqueous 
phase has to be evaluated during this process experimentally. A1-D numerical simulation can 
be applied to simulate the combustion tube experiments assisting in the design experiment 
and determining the experiment design parameters.
Air can be injected at the top of the combustion tube to study investigate 
feasibility of the combustion of the H2S dissolved in the liquid phase. Taking into account the 
impact of salinity on the solubility of H2S in water, water salinity equal to the formation water 
salinity is required in combustion tube experiments.
5.6.4 Conciusions.
1. ISC processes in gas condensate reservoirs for IOR are an alternative to gas cycling.
Field scale simulation predictions indicate high oil recovery and feasibility of oil rim 
development even in tight reservoirs.
2. A first scope study indicates that ISC technology is applicable in sour petroleum reservoirs 
for IOR.
3. H2S dissolved in the aquifer can be used as fuel in ISC processes in sour petroleum 
reservoirs.
5.6.4 Recommendations.
1. Pilot studies of air injection in gas condensate reservoirs is required to investigate its 
feasibility.
2. H2S and sour petroleum combustion tube experiments are required for the implementation 
of air injection in sour petroleum reservoirs.
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FIELD SCALE NUM ERICAL S IM U LATIO N  OF IN-SITU COM BUSTION PROCESSES.
GRAPHS








• FIGURE 5.1: RESERVOIR TEMPERATURE - HORIZONTAL RESERVOIR - 
HORIZONTAL INJECTOR & PRODUCER AT 913 DAYS (LAYER 1)
• FIGURE 5.2: RESERVOIR TEMPERATURE - HORIZONTAL RESERVOIR - 



































FIGURE 5.3: RESERVOIR TEMPERATURE HORIZONTAL REERVOIR - 




















FIGURE 5.4: RESERVOIR TEMPERATURE - HORIZONTAL RESERVOIR - 
HORIZONTAL INJECTOR & HORIZONTAL PRODUCER AT 913 DAYS (LAYER-4)





















• FIGURE 5.5: RESERVOIR TEMPERATURE - HORIZONTAL RESERVOIR - 




















• FIGURE 5.6: RESERVOIR TEMPERATURE - IK-CROSS-SECTION AT 913 DAYS &  
J=5 -HORIZONTAL RESERVOIR - HORIZONTAL INJECTOR & PRODUCER












FIGURE 5.7: RESERVOIR TEMPERATURE - JK-CROSS-SECTION AT 913 DAYS & 
1=13 -HORIZONTAL RESERVOIR - HORIZONTAL INJECTOR & PRODUCER
□ 300-350
FIGURE 5.8: RESERVOIR TEMPERATURE - JK-CROSS-SECTION AT 913 DAYS & 
1=16 - HORIZONTAL RESERVOIR -HORIZONTAL INJECTOR & PRODUCER
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• FIGURE 5.9: RESERVOIR TEMPERATURE - JK-CROSS-SECTION AT 913 DAYS &  
1=20 -HORIZONTAL RESERVOIR -HORIZONTAL INJECTOR & PRODUCER















• FIGURE 5.10: RESERVOIR TEMPERATURE - DIP ANGLE 8 .8 o. HORIZONTAL 
INJECTOR & PRODUCER AT 62 DAYS (K=4)
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FIGURE 5.11: RESERVOIR TEMPERATURE - DIP ANGLE 8 .8 0 . HORIZONTAL 
INJECTOR & PRODUCER AT 62 DAYS (K=3)
■ 210-215
240—i
• FIGURE 5.12: RESERVOIR TEMPERATURE AT 913 DAYS (LAYER 1) RESERVOIR 
DIP ANGLE 8 .8 0 . -HORIZONTAL INJECTOR & HORIZONTAL PRODUCER





• FIGURE 5.13: RESERVOIR TEMPERATURE AT 913 DAYS (LAYER 2) RESERVOIR 

















• FIGURE 5.14: RESERVOIR TEMPERATURE AT 913 DAYS (LAYER 3) RESERVOIR 
DIP ANGLE 8 .8 0 . -HORIZONTAL INJECTOR & HORIZONTAL PRODUCER
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• FIGURE 5.15: RESERVOIR TEMPERATURE AT 913 DAYS (LA Y ER  4) RESERVOIR  
DIP ANGLE 8.8o. -H O R IZO N TA L INJECTOR &  H O R IZO N TA L PRODUCER
• FIGURE 5.16: RESERVOIR TEMPERATURE AT 913 DAYS (LA Y ER  5) RESERVOIR  
DIP ANGLE 8 .8 0 . -H O R IZO N TA L INJECTOR &  H O R IZO N TA L PRODUCER
■ 500-520
■ 480-500


















• FIGURE 5.17: RESERVOIR TEMPERATURE - CROSS-SECTION AT 913 DAYS & J=5 






■  430-450 
0  410-430
■  390-410









FIGURE 5.18: RESERVOIR TEMPERATURE - CROSS-SECTION AT 913 DAYS & 1=16 
- RESERVOIR DIP ANGLE 8 .8o. -HORIZONTAL INJECTOR & HORIZONTAL 
PRODUCER

















• FIGURE 5.19: RESERVOIR TEMPERATURE - CROSS-SECTION A T 913 DAYS & 






















• FIGURE 5.20: OIL SATURATION AT 913 DAYS (LAYER=1) RESERVOIR DIP ANGLE
8 .8 o. -HORIZONTAL INJECTOR & HORIZONTAL PRODUCER













• FIGURE 5.21: OIL SATURATION AT 913 DAYS (LAYER=2) RESERVOIR DIP ANGLE 












■ 0 06-0.1 
■ 00.05
• FIGURE 5.22: OIL SATURATION AT 913 DAYS (LAYER=3) RESERVOIR DIP ANGLE
8 .8 o. -HORIZONTAL INJECTOR & HORIZONTAL PRODUCER
















• FIGURE 5.23: OIL SATURATION AT 913 DAYS (LAYER=4) RESERVOIR DIP 
ANGLE 8 .8 o. -HORIZONTAL INJECTOR & HORIZONTAL PRODUCER
■ 0.854.7













• FIGURE 5.24: OIL SATURATION AT 913 DAYS (LAYER=5) RESERVOIR DIP 
ANGLE 8 .8o. -HORIZONTAL INJECTOR & HORIZONTAL PRODUCER
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• FIGURE 5.25: GAS SATURATION AT 913 DAYS (LAYER=1) RESERVOIR DIP 




















• FIGURE 5.26: GAS SATURATION AT 913 DAYS (LAYER=2) RESERVOIR DIP 
ANGLE 8 .8o. -HORIZONTAL INJECTOR & HORIZONTAL PRODUCER




■  0 725-0.75
■  07-0.725
■  0.675-07 
■0.65-0.675
■  0625-0.65
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• FIGURE 5.27: GAS SATURATION AT 913 DAYS (LAYER=3) RESERVOIR DIP 
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• FIGURE 5.28: GAS SATURATION AT 913 DAYS (LAYER=4) RESERVOIR DIP 
ANGLE 8 .8o. -HORIZONTAL INJECTOR & HORIZONTAL PRODUCER
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FIGURE 5.29: GAS SATURATION AT 913 DAYS <LAYER=5) RESERVOIR DIP 
ANGLE 8 .8o. -HORIZONTAL INJECTOR & HORIZONTAL PRODUCER
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• FIGURE 5.30: 02 GAS MOLAR FRACTION AT 913 DAYS (LAYER=3) RESERVOIR 
DIP ANGLE 8 .8o. - HORIZONTAL INJECTOR & HORIZONTAL PRODUCER
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• FIGURE 5.31: 02 GAS MOLAR FRACTION AT 913 DAYS (LAYER=4) RESERVOIR 
DIP ANGLE 8 .80 . -HORIZONTAL INJECTOR & HORIZONTAL PRODUCER
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• FIGURE 5.32: 0 2 GAS MOLAR FRACTION AT 913 DAYS (LAYER=5) RESERVOIR 
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• FIGURE 5.33: C02 GAS MOLAR FRACTION AT 913 DAYS (LAYER=1) RESERVOIR 
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• FIGURE 5.34: C02 GAS MOLAR FRACTION AT 913 DAYS (LAYER=2) RESERVOIR 
DIP ANGLE 8.8o. -HORIZONTAL INJECTOR & HORIZONTAL PRODUCER
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FIGURE 5.35: C 02 GAS MOLAR FRACTION AT 913 DAYS (LAYER=3) RESERVOIR 
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FIGURE 5.36: C 02 GAS MOLAR FRACTION AT 913 DAYS (LAYER=4) RESERVOIR 
DIP ANGLE 8.8o. -HORIZONTAL INJECTOR & HORIZONTAL PRODUCER
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FIGURE 5.37: C 02 GAS MOLAR FRACTION AT 913 DAYS (LAYER=5) RESERVOIR 
DIP ANGLE 8 .8o. -HORIZONTAL INJECTOR & HORIZONTAL PRODUCER
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• FIGURE 5.38: STEAM GAS MOLAR CONCENTRATION AT 913 DAYS (LAYER=5) 
RESERVOIR DIP ANGLE 8 .80-HORIZONTAL INJECTOR & HORIZONTAL PRODUCER
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• FIGURE 5.40: VERTICAL PRODUCER & HORIZONTAL INJECTOR AT 518 min. 
(LAYER=2)








































• FIGURE 5.42: VERTICAL PRODUCER & HORIZONTAL INJECTOR AT 518 min. 
(LAYER=4)
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• FIGURE 5.46: RESERVOIR TEMPERATURE AT 808 DAYS - VERTICAL INJECTOR 
& VERTICAL PRODUCER (LAYER 1 )
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• FIGURE 5.47: RESERVOIR TEMPERATURE AT 808 DAYS - VERTICAL INJECTOR 




















• FIGURE 5.48: RESERVOIR TEMPERATURE AT 808 DAYS - VERTICAL 
INJECTOR & VERTICAL PRODUCER (LAYER 3 )





















• FIGURE 5.49: RESERVOIR TEMPERATURE AT 808 DAYS - VERTICAL INJECTOR 



















• FIGURE 5.50: RESERVOIR TEMPERATURE AT 808 DAYS - VERTICAL INJECTOR 
& VERTICAL PRODUCER (LAYER 5 )





















• FIGURE 5.51: VERTICAL PRODUCER AND VERTICAL INJECTOR JK-CROSS- 
SECTION AT 808 DAYS (J=5)
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CHAPTER 6. CONCLUSIONS AND RECOMMENDATIONS.
6.1 Conclusions.
The main conclusions are summarised as follows:
1. PVT characterisation in ISC simulation requires a minimum of 3 hydrocarbon pseudo-components. Depending 
upon the crude oil type the preferable number of pseudo-components is 4 or 5 pseudo-components. Separate 
components are required for N2> 0 2 and the flue gases CO2 and CO.
Light petroleum PVT and chemical reaction characterisations have been successfully extended to gas condensate 
and sour petroleum simulation studies providing reasonable results. In sour petroleum, hfeS, its combustion product 
SO2 or SO3 and at least one organic sulphur compound such as thiols or mercaptanes are additional PVT 
components required. While this approach is sufficient for screening studies, experimental data for gas condenaste 
and sour petroleum reservoirs are required.
2. Validated light petroleum chemical reaction characterisation includes direct and indirect hydrocarbon combustion, 
where hydrocarbon cracking, coke formation and combustion takes place in parallel with direct combustion in two 
stages to CO and CO2.
3. The validated chemical reaction characterisation provided a first estimate of auto-ignition at the reservoir conditions. 
Auto-ignition and HTO oxidation were predicted at the reservoir conditions for both the light Australian and the Clair 
oils. However, experimental confirmation with accelerating rate calorimeter(ARC) tests is required due to 
uncertainties. As predicted in simulations runs, auto-ignition does not take place at the initial combustion tube 
experiment conditions.
Forced Flow In-Situ Combustion Drainage Assisted by Gravity (FFISCDAG) is an efficient mechanism 
maximising oil recovery. Very high oil recovery is achieved by the combined FFISCDAG, double displacement and 
miscible displacement mechanisms.
4. Light petroleum high pressure combustion tube experimental data can be simulated and up-scaled to the field scale 
providing a data base for pilot and field scale developments.
Field scale air injection thermal Improved Oil Recovery (IOR) processes are applicable before and after a water- 
flooding project in high pressure medium and light petroleum reservoirs achieving high ultimate petroleum and gas 
recovery.
Extended well natural flow periods and deferred artificial lift requirements, due to lower water-cuts and high GOR, 
have been predicted in ISC simulation studies as a result of the implementation of air injection thermal IOR in high 
pressure medium and light petroleum reservoirs. Air injection can be considered as reservoir pressure 
maintenance option alternative to gas and water injection.
5. Field scale air injection thermal IOR processes are applicable in gas condensate reservoirs. Air injection can be 
considered as pressure maintenance processes alternative to gas cycling in schemes that may include oil rim 
development. Thin oil rims in gas condensate reservoirs can be developed using air injection thermal IOR 
processes.
Air injection thermal IOR processes are applicable in sour high pressure light petroleum reservoirs. Non­
hydrocarbon gases, such as H2S dissolved in the liquid hydrocarbon and the aqueous phases, in sour high 
pressure light petroleum reservoirs can be used as fuel according to simulation studies and validation H2S 
combustion tube experiment are required. Similar techniques are applicable in sour gas condensate reservoirs with 
or without an oil rim.
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6.2 Recommendations.
Recommendations for further work in air injection thermal IOR processes are:
•  Existing commercial non-iso-thermal simulators, such as STARS by CMG, are sufficient for combustion tube, pilot 
and field scale simulation studies. However, upgraded non-iso-thermal fully compositional simulators with front 
tracking and rock mechanical simulation capabilities are required especially for field scale studies.
• More powerful hardware platforms and parallel processing are recommended to reduce the running time of field 
scale prediction. Also, parallel computer processing may provide sufficient hardware/software platform for field 
scale non-iso-thermal reservoir simulation studies with adequate number of grid blocks for appropriate combustion 
front characterization.
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1.1.1 APPENDIX-I. NOMENCLATURE AND ABBREVIATIONS.
1.1.2 A -I.l Nomenclature.
A /\ = Arrhenius constant in Reaction A p s ^ .c b 1
A0 =Reaction rate constant sec-1 atm"n
Ag = Arrhenius constant in Reaction B psr1.d~1
A q  = Arrhenius constant in Reaction C d"1
A p  = Arrhenius constant in Reaction D p s H .c t1
a = Coefficient of relative permeability equation
avisc = 1 st viscosity coefficient for liquid component
avg = 1 st Gas component viscosity coefficient
Bo = Oil formation volume factor
BHP = Bottom hole pressure psia
b = Prandtl number coefficient 0 for monoatomic and 1.77 for polyatomic gases
bvisc = 2nc* viscosity coefficient for liquid component
bvg = 2nd Gas component viscosity coefficient
C = Isobaric specific heat kJ/kg k(Btu/lbm °F)
Cpg = Gas phase heat capacity lb- rnof/ft^.d
Upo = Oil phase heat capacity lb- rnol/f&.d
Cc = Coke concentration lb- rnol/ffi.d
CCmax= Maximum coke concentration lb- rnol/ffi.d
c = Heat capacity, kJ/m^-°C(Btu/ft^-°F)
c = Prandtl number coefficient 2.5 for monoatomic and -0.45 for polyatomic gases
c = The concentration of the diffusing component
Cp = The isobaric specific heat kJ/kg*K (Btu/lbm*°F)
Cp = Gas Specific Heat Capacity kJ/kgmol*°K
Cpgl = 1st coefficient in gas heat capacity correlation kJ/kgmol*°K
Cpg2  = 2nd coefficient in gas heat capacity correlation kJ/kgmol*°K2
Cpg3  = 3rd coefficient in gas heat capacity correlation kJ/kgmol*°K^
Cpg4  = 4th coefficient in gas heat capacity correlation kJ/kgmol*°K^
D = Depth m (ft)
D = The diffusion coefficient
Dj = The dispersion coefficient of the component j in the gas phase
E = Reaction Activation Energy kJ/kgmol (Btu/lb - mol)
e = Exponent of relative permeability equation
ev = Exponent in vaporisation enthalpy correlation
f  = Friction factor
g = Gravity acceleration constant 9.8665 m/s2
gc = The conversion factor in Newton’s law of motion. Gravity conversion constant
ft.lbm/s2.lbf
Hvr = Coefficient in vaporisation enthalpy correlation
H  = Heat of Reaction k J / kgm ol (Btu  /  Ib-mol)
Hfoss = Heat loss to cap and base rock k J f  kgm ol (Btu/lb-mol)
Hjnj = Heat injected by band heater k J / kgm ol (Btu/lb- mol)
h = Height above the WOC m
h = Enthalpy kJ/kg(Btu/lb- mol(°R))
h* = Injection/production enthalpy Btu/lb- mol(°R)
J(SW) = J-function
K = Permeability Darcy (md)m2
Kr = Relative permeability
Kf = Phase equilibrium K-values
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= The equilibrium ratio of a given component is defined as the ratio of the mole fraction of the 
component in the gas phase y to the fraction of the component in the liquid phase x 
= The permeability vector, function of the temperature.
= Absolute permeability, Darcy (md) m^
= Relative permeability 
= Components of the permeability vector
= Water relative permeability at residual oil saturation(Water/Oil system), kr(Sorw)
= Oil relative permeability at interstitial water saturation, kr(Sjw)
= Gas relative permeability at residual oil saturation (Gas/Oil system), kr(Sorg)
= Effective tubing length m (feet)
= The molecular weight
= Heat capacity of fluid saturated rock, Btu/ft^*°F (kJ/m^*°C)
= Volumetric heat capacity of fluid saturated rock, Btu/ft^-°F(kJ/m^-°C)
= Mass, gm
= Cumulative Oil Production, Bbls (M3)
= Cumulative Oil Production displaced from the steam zone Bbls (M3)
= Cumulative Oil Production displaced from the water invaded zone,Bbls 
= Reaction Order (exponent)
= Pressure Pa (ps/)
= Capillary Pressure Pa (ps/)
= Oil-water capillary pressure Pa (ps/)
= Oil-gas capillary pressure Pa (ps/)
= The productivity index m^/s/pa
= Production pressure Pa (ps/)
= The Prandtl number 
= Reference pressure 
= Heat of reaction
= Cumulative Gross Steam Injection(volume of water vaporized),
= Flow rate at surface conditions
= Water injection rate 
: Injection/production rate (/-g,o,w)
: Component injection/production rate
(1=1 ,2 ,3 ,4 ,5 )
= Flow rate at reservoir conditions
: Gas constant
(in gas density)
= Radius, or distance from cylinder axis 
= Reaction rate of Reaction 
= The equivalent grid block radius,
= Saturation
= Reactions stoichiometric coefficients (1=1,2 12)
= Critical gas saturation 
= Residual oil saturation (Gas/Oil system)
= Residual oil saturation (Water/Oil system)
= Residual oil saturation in the steam zone 
= Interstitial and irreducible water saturation 
= Connate water saturation 
= Irreducible water saturation 
= Residual water saturation in the steam zone 













kgmol I m3 disciple (lb- mol/ft?, d) 
m (ft)
cm'
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T = Temperature °C (°F)
T = Absolute Temperature °K  (°R)
T cr = Critical Component or Pseudocomponent Temperature °C (°F)
To = Reference temperature °C (°F)
THP = Tubing head pressure Pa (psia)
Tg = Band heater temperature °C (°F)
Tref  = Reference temperature °C (°F)
t = time, day, s
tig = Ignition time, day, s
9T/9x = The temperature gradient in x-direction.
U = Internal energy KJ/Kgmol (Btu/lb- mol)
Us = Specific reaction rate, gm/cm/sec
u = The Darcy velocity vector, the volume flow rate per unit cross-sectional area
u = Component of the Darcy velocity vector, u.
Up ^ = The x-direction component of the diffusive mass flux of component g.
= The conductive heat flux in x-direction, the rate of heat transfer by conduction in the 
positive x-direction per unit cross sectional area perpendicular to the x direction. 
u t  = Convective heat flux Btu/ft^ D (KJ/m^ d)
u = Fluid volumetric flux ft/D (m/d)
uj = The rate of radiation heat transfer from heated surface per unit surface area
ue x = The total energy flux in the x direction
u^ x = The component of the conductive energy flux in the x direction
u^ x = The component of the convective energy flux in the x direction
ux = The volumetric flux in the x-direction ft^/ft^/D (m/D)
um,x j  = The total mass flux of component j in x direction
Uj x = Volumetric flux of phase i in x direction
V * = Velocity m/d ( f t / d )
v = Volume cm^
Wp = Cumulative Water Production, M 3 (Bbls)
X2  = Mole fraction of heavy oil in oil phase
X3  = Mole fraction of light oil in oil phase
xjj = Mole fraction of component j in the i liquid phase
y = Distance in y-direction m (ft)
yj = Mole fraction of component j in the gas phase
Yj = Mole fraction of component I in gas phase
Z = Depth m (ft)
z = Distance in z-direction m (ft)
z = Subsea depth m (ft)
Subscripts 
A  = Subscipt of Reaction A  
a  = Absolute
b = Bulk
B = Subscipt of Reaction B
b = Grid block conditions
C = Subscipt of Reaction C
c = Capillary
c = Critical conditions
c = Coke
D = Subscipt of Reaction D
d = Datum
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e = The reservoir boundary of the drainage area. 
f  = Fluid
f  = Fuel beads
g = Gas
i = Initial or irreducible
j = The phase i.
,• = The component j in the gas phase
lab = laboratory conditions
o = Oil
0  = Oxygen
p = Pore





res = Reservoir conditions
w = Water
w = Wellbore conditions
x = x-direction, Direction in the Cartesian co-ordinate system
x = The x vector component
y = y-direction, Directions in the Cartesian co-ordinate system
y = The y vector component
z = The z vector component
1 Water component
2 : Heavy oil component
3 : Light oil component
4 : Inert gas component
5 =Oxygen component
Superscripts 
* = Normalized variable
Zg :Power used in gas relative permeability relation 
Zw : Power used in water relative permeability relation 
Zog :Power used in oil-gas relative permeability relation 
Zow : Power used in oil-water relative permeability relation
Greek Symbols 
y = The specific heat ratio
7  = Surface Tension N/m(lbf7ft)
7 = Specific w e ig h t
7 = Productivity index constant
AH = Crude heat value, kJ/kg [cal/g]
AVg = Gas vapour phase increment, ‘m^ (Bbls)
AVW = W ater vapour phase increment, m^(Bbls)
Ax = Block length in x-direction m {ft)
Ay = Block length in y-direction m {ft)
Az = Block length in z-direction m {ft)
Ax = Grid block size in  x-direction, m (ft)
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Ay = Grid block size in y-direction, 
e = Surface emissivity
t|. = Band heater constant
0 = Wetting angle
X = Thermal conductivity
A,0 =Thermal conductivity at a reference temperature T0
p, = Viscosity
p = Density
p0 = Oil density
Pi = The phase i density
pf = Fluid density
a = Surface tension
a  = Interfacial tension between saturating fluids
a  = The Stefan-Boltzmann law constant
Up = Rate of advance of a convective heat front
O = Flow potential
O0 = The oil phase flow potential
<p = porosity
1.1.3 A-I.l Abbreviations.
ARC Accelerating rate Calorimeter Test
CFL The Courant-Friedrichs-Levy condition
CSTR Continuously Stirred Tank Reactor
CVFE Control-Volume Finite-Element
DTA Differential thermal analysis
EOS Equation of State
FCT Flux Corrected Transport




HTO High Temperature Oxidation
IMPES Implicit Pressure Explicit Saturation
IOR Improved Oil Recovery
ISC In-Situ Combustion
LTO Low Temperature Oxidation
MCS Moving Coordinate System











Btu/ft^ hr 0R4 
m/d(ft/D)
fraction
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APPENDIX-III. SIMULATION DATA FILES OF ID  & 3D COMBUSTION 
CELL EXPERIMENTS.
* ★  
* *  
* *  
★ *  
* *  
* ★  
*  *  
* *  
* *
ID COMBUSTION TUBE TEST No.RUN-4 - LIGHT CLAIR OIL 5 PSEUDO COMP.
TUBE PRESURE 50 B a r s  -1 2 8  GRID BLOCKS 5 HYDROCARBON PSEUDOCOMPONENTS 
CRACKING REACTIONS
Forward dry  c o m b u s t io n  i n  a 1 - d  v e r t i c a l  t u b e  i s  s i m u l a t e d .
A ir  i s  i n j e c t e d  a t  t h e  t o p  o f  t h e  t u b e  a t  a c o n s t a n t  r a t e .  F l u i d s  
a r e  pro d u ced  a t  t h e  b o t to m  o f  t h e  t u b e  a t  c o n s t a n t  b a c k - p r e s s u r e .  
S p e c i a l  F e a t u r e s :
* *  1) 5 h y d ro ca rb o n  c o m p o n en ts :  t h r e e  l i q u i d  C21+, C l l - 2 0 ,  C 6 -1 0 ,  C2-5  and o n e  s o l i d .
* *  S t o c k t a n k  s t a b i l i z e d  o i l  i s  u s e d  and CH4 c o m p o s i t i o n  i s  n e g l i g i b l e .
* *  2) Two n o n - c o n d e n s i b l e  g a s e s :  o x y g e n  & CO g a s e s .
3) F i v e  C om bustion r e a c t i o n s :
(a )  c r a c k i n g  o f  h e a v y  o i l  t o  l i g h t  o i l  and c o k e ,
** (b )  C21+ h e a v y  o i l  b u r n in g ,
* *  ( C )  C l l - 2 0  MEDIUM OIL BURNING,
** (d) C6-10  l i g h t  o i l  b u r n in g ,
** ( e )  COKE b u r n in g .
** B u rn in g  p r o d u c e s  w a t e r  and C0+C02 m i x t u r e .
** 4 )  High i n i t i a l  p r e s s u r e  (1 0 0  b a r ,  10000  Kpa, 1 4 5 0 . 3 8  p s i a )  and 80 OF (176 oF)
T e m p e r a tu r e .
** 5) I n j e c t i o n  end i s  h e a t e d  e x t e r n a l l y ,  i g n i t i o n  t e m p e r a t u r e  350 oC (662  o F ) .
** 6) p o r s i t y :  3 6.6% P e r m e a b i l i t y :  1004 mD
** 7) Water s a t u r a t i o n :  30% O i l  S a t u r a t i o n :  65% and
** 5% g a s  s a t u r a t i o n  assum ed n i t r o g e n  t h e  i n t i a l  c o n d i t i o n s .
* *
* *
** ============== INPUT/OUTPUT CONTROL =
f i l e n a m e  o u t p u t  i n d e x - o u t  m a i n - r e s u l t s - o u t * *  U se  d e f a u l t  f i l e  names
* t i t l e l  'ID CLAIR OIL COMBUSTION TUBE RUN No. 4 -5 0  BARS '
* t i t l e 2  'DIRCECT & INDIRECT COMBUSTION - 5  PSEUDO COMPONENTS'
* i n u n i t  f i e l d  e x c e p t  1 1  ** h r s  i n s t e a d  o f  d a y s
e x c e p t  11 1 ** f t 3  i n s t e a d  o f  b b l
♦OUTUNIT LAB
*o u tp rn  * g r i d  p r e s  sw s o  s g  temp y x  s o l c o n c  o b h l o s s  v i s o  
* o u tp rn  * w e l l  * a l l
* w r s t  300 *wprn * g r id  300 *wprn * i t e r  300
o u t s r f  g r i d  p r e s  sw s o  s g  temp y x w s o l c o n c  o b h l o s s
masdenw m asdeno m asdeng pcow pcog  v i s w  v i s o  v i s g  
krw kro  krg  k v a ly w  k v a l y x  cmpdenw cmpdeno cm pvisw  
cm p v iso  cm p v isg  c c h l o s s
b l k v a r temp 0 1 * *  T h i s t o r y , b l o c k  1
b l k v a r temp 0 2 ★ ★ if b l o c k  2
b lk v a r temp 0 4 *  * n b l o c k  4
b lk v a r temp 0 6 * * it b l o c k  6
b l k v a r temp 0 8 ★ ★ it b l o c k  8
b l k v a r temp 0 10 ★ ★ IV b l o c k  10
b lk v a r temp 0 12 ** tv b l o c k  12
b lk v a r temp 0 14 ** tv b l o c k  14
b lk v a r temp 0 16 ★ it If b l o c k  16
b lk v a r temp 0 18 * * IV b l o c k  18
b lk v a r temp 0 20 ** n b l o c k  20
b lk v a r temp 0 22 ** n b l o c k  22
b l k v a r temp 0 24 * * IV b l o c k  24
b lk v a r temp 0 26 ** tv b l o c k  26
b l k v a r temp 0 28 * * if b l o c k  28
b lk v a r temp 0 30 ** w b l o c k  30
b l k v a r temp 0 32 * * If b l o c k  32
b l k v a r temp 0 34 ** IV b l o c k  34
b l k v a r temp 0 36 ★ ★ IV b l o c k  36
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b l k v a r temp 0 38 * * If b l o c k  38
b l k v a r temp 0 40 * * If b l o c k  40
b l k v a r temp 0 42 *  ★ * b l o c k  42
b l k v a r temp 0 44 * * If b l o c k  44
b l k v a r temp 0 46 * * ft b l o c k  46
b l k v a r temp 0 48 * * n b l o c k  48
b lk v a r temp 0 50 * ★ if b l o c k  50
b lk v a r temp 0 52 * * " b l o c k  52
b lk v a r temp 0 54 * * If b l o c k  54
b l k v a r temp 0 56 ★ * n b l o c k  56
b l k v a r temp 0 58 ** it b l o c k  58
b l k v a r temp 0 60 ** ti b l o c k  60
b l k v a r temp 0 62 ** " b l o c k  62
b lk v a r temp 0 64 * ★ If b l o c k  64
b l k v a r temp 0 66 * ★  t h i s t o r y ,  b l o c k  66
b l k v a r temp 0 68 ** t h i s t o r y ,  b l o c k  68
b l k v a r temp 0 70 * *  x h i s t o r y ,  b l o c k  70
b lk v a r temp 0 72 ** If b l o c k  72
b lk v a r temp 0 74 + ★ If b l o c k  74
b l k v a r temp 0 76 ** If b l o c k  76
b l k v a r temp 0 78 ** If b l o c k  78
b lk v a r temp 0 80 ★ * II b l o c k  80
b lk v a r temp 0 82 ** n b l o c k  82
b lk v a r temp 0 84 ** n b l o c k  84
b l k v a r temp 0 86 * ★ it b l o c k  86
b l k v a r temp 0 88 ** it b l o c k  88
b l k v a r temp 0 90 ** if b l o c k  90
b l k v a r temp 0 92 * * n b l o c k  92
b l k v a r temp 0 94 ** it b l o c k  94
b l k v a r temp 0 96 ** n b l o c k  96
a v g v a r temp 0 ** a v e r a g e  T i n  t u b e
a v g v a r sw 0 * * a v e r a g e  sw i n  t u b e
a v g v a r s o  0 ** a v e r a g e  s o  i n  t u b e
a v g v a r s g  0 * * a v e r a g e  s g i n  t u b e
b l k v a r sw 0 1 ** Sw h i s t o r y , b l o c k  1
b l k v a r sw 0 2 ** Sw h i s t o r y , b l o c k  2
b l k v a r sw 0 4 ** Sw h i s t o r y , b l o c k  4
b l k v a r sw 0 6 ** Sw h i s t o r y , b l o c k  6
b l k v a r sw 0 8 ** Sw h i s t o r y , b l o c k  8
b l k v a r sw 0 10 ** Sw h i s t o r y b l o c k  10
b lk v a r sw 0 12 ** Sw h i s t o r y b l o c k  12
b lk v a r sw 0 14 ★ * Sw h i s t o r y b l o c k  14
b lk v a r sw 0 16 ** Sw h i s t o r y b l o c k  16
b lk v a r sw 0 18 ** Sw h i s t o r y b l o c k  18
b l k v a r sw 0 20 ★ h Sw h i s t o r y b l o c k  20
b lk v a r sw 0 22 * * Sw h i s t o r y b l o c k  22
b lk v a r sw 0 24 ★  * Sw h i s t o r y b l o c k  24
b lk v a r sw 0 26 *  * Sw h i s t o r y b l o c k  26
b lk v a r sw 0 28 * ★ Sw h i s t o r y b l o c k  28
b l k v a r sw 0 30 * * Sw h i s t o r y b l o c k  30
b lk v a r sw 0 32 * * Sw h i s t o r y b l o c k  32
b lk v a r sw 0 34 * * Sw h i s t o r y b l o c k  34
b l k v a r sw 0 36 * * Sw h i s t o r y b l o c k  36
b lk v a r sw 0 38 * * Sw h i s t o r y b l o c k  38
b lk v a r sw 0 40 * ★ Sw h i s t o r y b l o c k  40
b lk v a r sw 0 42 * * Sw h i s t o r y b l o c k  42
b lk v a r sw 0 44 * * Sw h i s t o r y b l o c k  44
b lk v a r sw 0 46 * * Sw h i s t o r y b l o c k  46
b l k v a r sw 0 48 * * Sw h i s t o r y b l o c k  48
b l k v a r sw 0 50 ★ * Sw h i s t o r y b l o c k  50
b lk v a r sw 0 52 ★ * Sw h i s t o r y b l o c k  52
b lk v a r sw 0 54 *  ★ Sw h i s t o r y b l o c k  54
b l k v a r sw 0 56 * ★ Sw h i s t o r y b l o c k  56
b lk v a r sw 0 58 ★ ★ Sw h i s t o r y b l o c k  58
b lk v a r sw 0 60 * * Sw h i s t o r y b l o c k  60
b lk v a r sw 0 62 * * Sw h i s t o r y b l o c k  62
b l k v a r sw 0 64 ★ * Sw h i s t o r y b l o c k  64
b lk v a r sw 0 66 * * Sw h i s t o r y b l o c k  66
b lk v a r sw 0 68 * * Sw h i s t o r y b l o c k  68
b l k v a r sw 0 70 * * Sw h i s t o r y b l o c k  70
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* ★
* *  
* ★ 
★ * 





b l k v a r sw 0 72 ** Sw h i s t o r y , b l o c k 72
b l k v a r sw 0 74 ** Sw h i s t o r y , b l o c k 74
b l k v a r sw 0 76 ** Sw h i s t o r y , b l o c k 76
b l k v a r sw 0 78 *★ Sw h i s t o r y , b l o c k 78
b l k v a r sw 0 80 ** Sw h i s t o r y , b l o c k 80
b l k v a r sw 0 82 ** Sw h i s t o r y , b l o c k 82
b l k v a r sw 0 84 ** Sw h i s t o r y , b l o c k 84
b l k v a r sw 0 86 ** Sw h i s t o r y , b l o c k 86
b l k v a r sw 0 88 ** Sw h i s t o r y , b l o c k 88
b l k v a r sw 0 90 ** Sw h i s t o r y , b l o c k 90
b l k v a r sw 0 92 ** Sw h i s t o r y , b l o c k 92
b l k v a r sw 0 94 ** Sw h i s t o r y , b l o c k 94
b l k v a r sw 0 96 *★ Sw h i s t o r y , b l o c k 96
b l k v a r  y 6 1 ** y (C 0 2 )
b l k v a r  y 8 1 ** y ( o x y g
b l k v a r  y 9 1 ** y (C O ) ,
b l k v a r  k r o  0 16 
maxvar s o l c o n c  9 *
m a tb a l  r e a c t i o n  1 
m a t b a l  r e a c t i o n  2 
m a tb a l  r e a c t i o n  e n e r g y  
c c h l o s s  
t f r o n t  400  
t f r o n t  1200  
t f r o n t  1200  backward
** o i l  r e l  perm, "
* max c o k e  co n e  i n  t u b e  
** n e t  r e a c t i o n  w a t e r  
** n e t  r e a c t i o n  o i l  
** n e t  r e a c t i o n  o x y g e n  
** n e t  cum h e a t  from h e a t e r s  
** 400 deg  f r o n t  p o s i t i o n  
** 1200 deg  f r o n t  p o s i t i o n  
** 1200 deg  backward f r o n t  p o s i t i o n
* PARTCLMLWT 1 3 . 6 ** COKE (C H I.6) MOLECULAR WEIGHT IS 1 3 . 6
GRID AND RESERVOIR DEFINITION
* *
* *
g r i d  * c a r t  1 1 64 
g r i d  * c a r t  1 1 96 
g r i d  * c a r t  1 1 128
* *  64 b l o c k s  i n  t h e  K d i r e c t i o n  (norm al v e r t i c a l )
** 96 b l o c k s  i n  t h e  K d i r e c t i o n  (norm al  v e r t i c a l )
** 128 b l o c k s  i n  t h e  K d i r e c t i o n  (norm al  v e r t i c a l )
** Tube I . D . = 10 cm. C r o s s - s e c t i o n a l  a r e a  i s  p i * ( d / 2 ) * * 2  
** = 7 8 .5 4  cm2 = L*L. s o  e q u i v a l e n t  b l o c k  s i d e  i s  
** L = 8 .8 6 2 2 7  cm ( 0 .2 8 7 0 8  f t ) .
** T o t a l  t u b e  l e n g t h  i s  125 cm;
* *  b l o c k  = 1 2 5 / 1 0 0  = 1 . 2 5  cm ( 0 .0 6 3 3 1  f t  f o r  64 g r i d  b l o c k s  o r  0 . 0 3 1 6 6  f t  f o r  128)  
** ( 0 .0 4 2 2 0 8 3  f t  f o r  96 g r i d  b l o c k s )
* *  ( 0 .1 2 6 6 3  f t  f o r  32 g r i d  b l o c k s  o r
0 .2 5 3 2 5  f t  f o r  16)
** * d i  *con  0 .2 8 7 0 8  *dj *con 0 .2 8 7 0 8  *dk *con  0 . 0 6 3 3 1
** * d i  *con 0 .2 8 7 0 8  *dj *con 0 .2 8 7 0 8  *dk *con 0 .0 4 2 2 0 8 3
* d i  *con 0 .2 8 7 0 8  *dj *con 0 .2 8 7 0 8  *dk *con 0 .0 3 1 6 6
* por  *con 0 .3 6 6 0  
** PERMEABILTY 1004  mD
*perm i *con  1004 *permj * e q u a l s i  *permk * e q u a l s i
* r o ck cp  3 5 . 0 2  
* cp c  4 . 0 6
♦ t h c o n r  1 * thconw  0 . 3 6  * th c o n o  0 . 0 7 7  * th c o n g  0 .0 8 3 3
**      FLUID DEFINITIONS ==================-------
♦model 10 9 7 ** Number o f  n o n c o n d e n s i b l e  g a s e s  i s  numy-numx = 2
** Number o f  s o l i d  com ponents  i s  ncomp-numy = 1 
** N2 & C02 s o l u b l e  i n  t h e  l i q u i d  p e t r o le u m  p h a se




♦ p c r i t  
♦ t c r i t
'WATER' C21+'
18 4 4 7 .5 3
3155  1 4 2 .8 3
7 0 5 . 7  8 3 3 . 1 1
' C l l - 2 0 ' 'C 6 -1 0 ' C l - 5 ' ’ C 02' ’ N2'
2 1 8 .3 8
2 6 6 .4 0
8 2 5 .3 4
1 1 0 . 2 9
3 8 2 . 3 2
7 2 . 1 5  4 4 . 0 1  2 8 . 0 1
4 8 8 . 1  1 0 7 1 . 0  500
'0 2 '  'CO' 'COKE'
32
730
2 8 . 0 1
5 0 7 . 5
5 4 8 . 2  3 8 5 .4 7  8 7 .5 6  - 2 3 2 .8 4  - 1 8 1 . 7 2 •2 2 0 .7 8
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**compnm 'H20' 'C21+' ' C l l - 2 0 '  'C 6 -1 0 '  ' C l - 5 '  'C02' 'N2' ' 0 2 '  'CO' 'COKE'
★ ★
*avg  0 0 0  0 0 0 0 0 0
*bvg 0 0 0  0 0 0 0 0 0
* a v i s c  0 0 .1 3 2 6 8 3  0 . 1 3 2 8 2 3  0 . 1 5 2 2 9 6  0 .1 9 0 2 4 8  0 .0 4 4 1 2 6  0 .1 4 1 2 6 9
♦ b v i s c  0 1 4 7 8 .3 2  1 2 9 5 . 3 2  8 5 2 .6 6  4 7 8 . 5 1  1 0 4 0 .5 4
1 6 2 .5 4
♦molden 0 0 .2 0 2 4  0 .2 0 0 0  0 .1 3 0 9  0 . 0 4 8 1  0 .6 6 2 3  0 . 6 9 4 4  ** LBMOLE/FT3
*cp 0 3 . 9 e - 6  4 e _6 4 . 5 e - 6  5 e - 6  7 e - 6  7 . 5 e - 6
* c t l  0 1 . 4 e - 4  1 . 4 9 6 e - 4  2 . 8 3 9 e - 4  2 . 8 3 9 e - 4  2 . 8 3 9 e - 4  2 . 8 3 9 e - 4
** _____________________________________________________________________
*  *  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
** CHEMICAL REACTION 1 - C r a ck in g :  C21+ ->  C1-C5 + Coke
*compname 'WATER' 'C21+' ' C l l - 2 0 '  'C 6 - 1 0 '  ' C l - 5 '  'C02' 'N2' ' 0 2 '  'CO' 'COKE'
*  it
* s t o r e a c  0 1 0 0 0 0 0 0 0  0
* s t o p r o d  0 0 0 0 3 . 5 1 1 1 8  0 0 0 0 1 4 .2 7 9 3
★★ * f r e q f a c  2 . 1 e 5  * e a c t  10000 * r e n t h  0
** * f r e q f a c  2 . 1 e 5  * e a c t  25000 * r e n t h  0
* f r e q f a c  2 . I e 5  * e a c t  28000 * r e n t h  0
* * --------------------------------------------------------------------------------------------------------------------------------
** CHEMICAL REACTION 2 - C ra ck in g :  C21+ ->  C11-C20 + Coke
*compname 'WATER' 'C21+' ' C l l - 2 0 '  'C 6 - 1 0 '  ' C l - 5 '  'C02' 'N2' ' 0 2 '  'CO' 'COKE'
*★                   ____
* s t o r e a c  0 1 0 0 0 0 0 0 0 0
* s t o p r o d  0 0 1 . 9 2 5 7 2  0 0 0 0 0 0 2 .2 6 7 8 9
** * f r e q f a c  2 . 0e5  * e a c t  8000 * r e n t h  0
** * f r e q f a c  2 . 0 e 5  * e a c t  27000 * r e n t h  0
* f r e q f a c  2 . 0e5  * e a c t  29000 * r e n t h  0
* * --------------------------------------------------------------------------------------------------------------------------------
** CHEMICAL REACTION 3 - C r a ck in g :  C21+ ->  C6-C10 + Coke
♦compname 'WATER' 'C21+' ' C l l - 2 0 '  'C 6 - 1 0 '  ' C l - 5 '  'C02' 'N2' ' 0 2 '  'CO' 'COKE'
**                   ____
* s t o r e a c  0 1 0 0 0 0 0 0 0 0
* s t o p r o d  0 0 0 3 .1 2 5 7 7  0 0 0 0 0 7 .5 5 9 6 3
** * f r e q f a c  2 . 0 e 5  * e a c t  7000 * r e n t h  0
** * f r e q f a c  2 . 0e5  * e a c t  27000 * r e n t h  0
* f r e q f a c  2 . 0e5  * e a c t  31000 * r e n t h  0
*  *  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
** CHEMICAL REACTION 4 - C ra ck in g :  C11-C20 ->  C6-C10 + Coke
** *compname 'WATER' 'C21+' ' C l l - 2 0 '  'C 6 -1 0 '  ' C l - 5 '  'C02' 'N2' ' 0 2 '  'CO' 'COKE'
**                   ____
** * s t o r e a c  0 0 1 0 0 0 0 0 0 0
** * s t o p r o d  0 0 0 1 .6 2 3 0 7  0 0 0 0 0 2 .7 4 7 9 3
* *  * f r e q f a c  2 . 0 e 5  * e a c t  27000 * r e n t h  0
*  *  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
** CHEMICAL REACTION 4 - C ra ck in g :  C11-C20 ->  C2-C5 + Coke
★compname 'WATER' 'C21+' ' C l l - 2 0 '  ' C 6 - 1 0 " C l - 5 '  'C02' 'N2' ' 0 2 '  'CO' 'COKE'
**                   ____
♦ s t o r e a c  0 0 1 0 0 0 0 0 0 0
♦ s t o p r o d  0 0 0 0 1 . 8 2 3 3 1  0 0 0 0 6 .2 3 7 3 7
** * f r e q f a c  2 . 0 e 5  * e a c t  5000 * r e n t h  0 
* f r e q f a c  2 . 0e5  * e a c t  27000 * r e n t h  0
i t  i t  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  -  —  -
** CHEMICAL REACTION 5-  Heavy O i l  B urn in g :  C21+ + 02 ->  H20 + CO/CO + e n e r g y
★compname 'WATER' 'C21+' ' C l l - 2 0 '  'C 6 -1 0 '  ' C l - 5 '  'C02' 'N2' ' 0 2 '  'CO' 'COKE'
*★                 ____
* s t o r e a c  0 1 0  0 0 0 0 3 2 .5 0 6 4  0 0
♦ s t o p r o d  3 3 .2 6 2 4  0 0 0 0 0 0 0 3 1 .7 5 0 4  0
** * f r e q f a c  l .O e lO  * e a c t  9500 * r e n t h  1 0 2 9 3 .9
* f r e q f a c  3 . 0 2 0 e l 0  * e a c t  13500  * r e n t h  1 0 2 9 3 .9
★ * -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
* *  CHEMICAL REACTION 6 -  Medium O i l  B urn in g :  C11-C20 + 02 -> H20 + CO + e n e r g y
*compname 'WATER' 'C21+' ' C l l - 2 0 '  'C 6 - 1 0 '  ' C l - 5 '  'C02' 'N2' ' 0 2 '  'CO' 'COKE'
★ *                   _____
♦ s t o r e a c  0 0 1 0 0 0 0 1 5 .8 2 0 2  0 0
* s t o p r o d  1 6 .3 3 0 6  0 0 0 0 0 0 0 1 5 .3 0 9 9  0
* *  * f r e q f a c  2 . 0 e l 0  * e a c t  8500 * r e n t h  4 9 2 0 .3
♦ f r e q f a c  3 . 0 2 0 e l 0  * e a c t  15500  * r e n t h  4 9 2 0 .3
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* *  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
** CHEMICAL REACTION 7 -  L i g h t  O i l  B urning:  C6-C10 + 02  ->  H20 + CO + e n e r g y
♦compname 'WATER' 'C21+' ' C l l - 2 0 '  'C 6 -1 0 '  ' C l - 5 '  'C02' 'N2' ' 0 2 '  'CO' 'COKE'
*★                   ____
* s t o r e a c  0 0 0 1 0 0 0 8 .2 2 3 3 8  0 0
* s t o p r o d  8 . 7 0 7 1 1  0 0 0 0 0 0 0 7 .7 3 9 6 5  0
** * f r e q f a c  8 . 0e9 * e a c t  8000  * r e n t h  2 4 2 0 .2
* f r e q f a c  3 . 0 2 0 e l 0  * e a c t  15500  * r e n t h  2 4 2 0 .2
*  *  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
** CHEMICAL REACTION 8-  H ydrocarbon  Gas B urn in g :  C1-C5 + 02  ->  H20 + CO + e n e r g y
*compname 'WATER' 'C21+' ' C l l - 2 0 '  'C 6 -1 0 '  ' C l - 5 '  'C02' 'N2' ' 0 2 '  'CO' 'COKE'
* *
* s t o r e a c  0 0 0 0 1 0 0 5 .5 9 7 8 4  0 0
* s t o p r o d  6 .2 1 9 8 3  0 0 0 0 0 0 0 4 .9 7 5 8 6  0
** * f r e q f a c  7 . 0e9  * e a c t  7000  * r e n t h  1 4 6 3 .4  
* f r e q f a c  3 . 0 2 0 e l 0  * e a c t  15000  * r e n t h  1 4 6 3 .4  
** -----------------------------------------------------------------------------------------------
** CHEMICAL REACTION 9 -  Coke B u rn in g :  Coke + 02 ->  H20 + C02 + e n e r g y
*compname 'WATER' 'C21+' ' C l l - 2 0 '  'C 6 -1 0 '  ' C l - 5 '  'C02' 'N2' ' 0 2 '  'CO' 'COKE'
* *
* s t o r e a c  0 0 0 0 0 0 0 1 . 4 0 1
* s t o p r o d  0 . 8 0  0 0 0 1 0 0 0 0
♦ f r e q f a c  3 . 0e5  * e a c t  5500 * r e n t h  4 6 1 .3  
*  *  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
** CHEMICAL REACTION ** - Gas b u r n in g :  CH4 + 202 ->  2H20 + C02 + e n e r g y  
** *compnarae 'WATER' 'C21+' ' C l l - 2 0 '  'C 6 -1 0 '  ' C l - 5 '  'C02' 'N2' ' 0 2 '  'CO' 'COKE' 
★ *
* *  * s t o r e a c  0 0  0 0 1 0 0 2 0 0
** * s t o p r o d  2 0  0 0 0 1 0 0 0 0
* *  * f r e q f a c  3 . 0 2 0 e l 0
* *  * e a c t  59450
** * r e n t h  5 0 2 .5 3 3  ** R e a c t i o n  E n th a lp y  BTU/lbm ole
*  *  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
* *  CHEMICAL REACTION 10 - Carbon M onoxide b u r n in g :  CO + 0 . 5  02 ->  C02 + e n e r g y
*compname 'WATER' 'C21+' ' C l l - 2 0 '  'C 6 -1 0 '  ' C l - 5 '  'C 02' 'N2' ' 0 2 '  'CO' 'COKE'
* *
♦ s t o r e a c  0 0 0 0 0 0 0 0 . 5 1  0
♦ s t o p r o d  0 0  0 0 0 1 0 0 0 0
* f r e q f a c  1 . 5 e 5
** * f r e q f a c  8 .0 6 4 E 8
* e a c t  3250
* r e n t h  2 .8 3 8 E 5
♦ s o l d e n  4 . 4
** P seudocom ponent K v a l u e  t a b l e s  f o r  p r e s s u r e s  500 p s i  & 6500 p s i  100 F t o  1300 F b e  
100 deg  i n t e r v a l s  
♦ k v t a b l im  500 3250 100 1300
** K v a l u e  t a b l e  f o r  C21+♦ k v t a b l e  2
3 .0 0 0 E - 0 7
6 . 001E -08
1 .1 8 8 E - 0 5
2 .3 7 7 E - 0 6
1 . 788E-04
3 .5 7 6 E - 0 5
1 .4 3 2 E - 0 3
2 .8 6 3 E - 0 4
7 . 433E -03
1 .4 8 7 E - 0 3
2 .8 2 8 E - 0 2
5 . 656E-03
8 .5 4 6 E - 0 2
1 .7 0 9 E - 0 2
2 . 167E -01
4 .3 3 4 E - 0 2
4 . 791E -01
9 .5 8 3 E - 0 2
2 .0 0 0 E - 0 7  
5 .4 5 5 E - 0 8  
7 . 9 2 3 E - 0 6  
2 . 161E -06  
1 . 192E -04  
3 . 2 5 1 E - 0 5  
9 .5 4 5 E - 0 4  
2 .6 0 3 E - 0 4  
4 .9 5 5 E - 0 3  
1 .3 5 1 E - 0 3  
1 . 8 8 5 E - 0 2  
5 . 142E -03  
5 .6 9 8 E - 0 2  
1 . 5 5 4 E - 0 2  
1 .4 4 5 E - 0 1  
3 . 9 4 0 E - 0 2  
3 . 1 9 4 E - 0 1  
8 . 712E -02
1 .5 0 0 E - 0 7  
5 .0 0 0 E - 0 8  
5 .9 4 2 E - 0 6  
1 .9 8 1 E - 0 6  
8 .9 3 9 E - 0 5  
2 . 9 8 0 E - 0 5  
7 . 1 5 9 E - 0 4  
2 .3 8 6 E - 0 4  
3 .7 1 6 E - 0 3  
1 .2 3 9 E - 0 3  
1 .4 1 4 E - 0 2  
4 . 7 1 4 E - 0 3  
4 . 273E -02  
1 . 42 4 E -0 2  
1 .0 8 3 E - 0 1  
3 . 611E -02  
2 .3 9 6 E - 0 1  
7 . 986E -02
1 .2 0 0 E - 0 7  
4 . 616E -08  
4 .7 5 4 E - 0 6  
1 . 828E-06  
7 . 151E -05  
2 .7 5 0 E - 0 5  
5 .7 2 7 E - 0 4  
2 .2 0 3 E - 0 4  
2 .9 7 3 E -0 3  
1 .1 4 4 E - 0 3  
1 . 131E -02  
4 .3 5 1 E - 0 3  
3 .4 1 9 E - 0 2  
1 .3 1 5 E - 0 2  
8 .6 6 7 E - 0 2  
3 .3 3 4 E - 0 2  
1 . 9 1 7 E - 0 1  
7 .3 7 1 E - 0 2
1 .0 0 0 E - 0 7  
3 .9 6 1 E - 0 6  
5 . 9 5 9 E - 0 5  
4 . 772E -04  
2 .4 7 8 E - 0 3  
9 .4 2 7 E - 0 3  
2 . 8 4 9 E - 0 2  
7 . 2 2 3 E - 0 2  
1 . 597E -01
8 .5 7 2 E - 0 8  
3 .3 9 6 E - 0 6  
5 .1 0 8 E - 0 5  
4 . 091E -04  
2 . 124E -03  
8 . 080E -03  
2 .4 4 2 E - 0 2
7 .5 0 1 E - 0 8  
2 .9 7 1 E - 0 6  
4 . 470E -05  
3 .5 7 9 E - 0 4  
1 .8 5 8 E - 0 3  
7 . 070E-03  
2 .1 3 7 E - 0 2
6 . 667E -08  
2 .6 4 1 E - 0 6  
3 .9 7 3 E - 0 5  
3 . 182E -04  
1 . 6 5 2 E - 0 3  
6 .2 8 5 E - 0 3  
1 .8 9 9 E - 0 2  
4 .8 1 5 E - 0 2  
1 . 0 6 5 E - 0 1
6 . 191 E -0 2  5 . 4 1 7 E - 0 2  
1 .3 6 9 E - 0 1  1 . 198E -01
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9 . 5 0 3 E - 0 1  6 .3 3 6 E - 0 1  4 . 7 5 2 E - 0 1  3 .8 0 1 E - 0 1  3 .1 6 8 E - 0 1  2 .7 1 5 E - 0 1  2 .3 7 6 E - 0 1  2 .1 1 2 E - 0 1
1 . 9 0 1 E -01 1 .7 2 8 E - 0 1  1 .5 8 4 E - 0 1  1 . 4 6 2 E - 0 1
1 . 7 2 6  1 . 1 5 1  8 .6 3 2 E - 0 1  6 .9 0 6 E - 0 1  5 .7 5 5 E - 0 1  4 . 9 3 3 E - 0 1  4 . 3 1 6 E - 0 1  3 .8 3 7 E - 0 1
3 . 4 5 3 E - 0 1  3 .1 3 9 E - 0 1  2 .8 7 7 E - 0 1  2 .6 5 6 E - 0 1
2 .9 1 8 8 6  1 .9 4 5 9 1  1 . 4 5 9  1 . 1 6 8  9 . 7 3 0 E - 0 1  8 .3 4 0 E - 0 1  7 . 2 9 7 E - 0 1  6 .4 8 6 E - 0 1  5 .8 3 8 E - 0 1
5 .3 0 7 E - 0 1  4 .8 6 5 E - 0 1  4 .4 9 1 E - 0 1
4 . 6 4 8 8 7  3 . 0 9 9 2 5  2 .3 2 4 4 3  1 . 8 6 0  1 . 5 5 0  1 . 3 2 8  1 .1 6 2  1 . 0 3 3  9 . 2 9 8 E - 0 1  8 .4 5 2 E - 0 1
7 . 7 4 8 E - 01 7 .1 5 2 E - 0 1
1 .1 4 0 E - 0 6






♦ k v t a b l e  3 ** K v a l u e  t a b l e  f o r  C11-C20
9 . 4 6 4 E - 0 9  6 .3 0 9 E - 0 9  4 . 7 3 2 E - 0 9  3 . 7 8 6 E - 0 9  3 .1 5 5 E - 0 9  2 . 7 0 4 E - 0 9  2 . 3 6 6 E - 0 9  2 .1 0 3 E - 0 9
1 . 893E -09  1 .7 2 1 E - 0 9  1 . 5 7 7 E - 0 9  1 .4 5 6 E - 0 9
7 . 602E-07 5 . 701 E -0 7  4 .5 6 1 E - 0 7  3 .8 0 1 E -0 7  3 .2 5 8 E - 0 7  2 .8 5 1 E - 0 7  2 .5 3 4 E - 0 7  
2 .0 7 3 E - 0 7  1 .9 0 0 E - 0 7  1 . 7 5 4 E - 0 7  
.8 9 4 E -0 5  2 .5 9 6 E - 0 5  1 . 9 4 7 E - 0 5  1 .5 5 7 E - 0 5  1 .2 9 8 E - 0 5  1 .1 1 2 E - 0 5  9 .7 3 4 E - 0 6  8 .6 5 2 E - 0 6
787E -06  7 .0 7 9 E - 0 6  6 . 4 8 9 E - 0 6  5 .9 9 0 E - 0 6
.8 4 9 E -0 4  3 .8 9 9 E - 0 4  2 . 9 2 5 E - 0 4  2 .3 4 0 E - 0 4  1 .9 5 0 E - 0 4  1 .6 7 1 E - 0 4  1 .4 6 2 E - 0 4  1 .3 0 0 E - 0 4
170E -04  1 .0 6 3 E - 0 4  9 .7 4 9 E - 0 5  8 .9 9 9 E - 0 5
997E -03  3 .3 3 1 E - 0 3  2 .4 9 8 E - 0 3  1 . 9 9 9 E - 0 3  1 .6 6 6 E - 0 3  1 .4 2 8 E - 0 3  1 .2 4 9 E - 0 3  1 .1 1 0 E - 0 3
9 .9 9 3 E - 0 4  9 .0 8 5 E - 0 4  8 .3 2 8 E - 0 4  7 .6 8 7 E - 0 4
2 .8 4 8 E - 0 2  1 .8 9 8 E - 0 2  1 . 4 2 4 E - 0 2  1 . 1 3 9 E - 0 2  9 .4 9 2 E - 0 3  8 .1 3 6 E - 0 3  7 .1 1 9 E - 0 3  6 .3 2 8 E - 0 3
5 .6 9 5 E - 0 3  5 .1 7 8 E - 0 3  4 . 7 4 6 E - 0 3  4 . 3 8 1 E - 0 3
1 . 202 E -0 1  8 .0 1 5 E - 0 2  6 .0 1 1 E - 0 2  4 . 8 0 9 E - 0 2  4 . 0 0 8 E - 0 2  3 . 4 3 5 E - 0 2  3 .0 0 6 E - 0 2  2 . 6 7 2 E - 0 2
2 .4 0 5 E - 0 2  2 . 1 8 6 E - 0 2  2 . 0 0 4 E - 0 2  1 . 8 5 0 E - 0 2
4 . 038 E -0 1  2 .6 9 2 E - 0 1  2 .0 1 9 E - 0 1  1 . 6 1 5 E - 0 1  1 .3 4 6 E - 0 1  1 .1 5 4 E - 0 1  1 .0 1 0 E - 0 1  8 . 9 7 4 E - 0 2
8 . 0 7 7 E - 0 2  7 .3 4 3 E - 0 2  6 .7 3 1 E - 0 2  6 .2 1 3 E - 0 2
1 .1 3 5 1 4  7 . 568 E -0 1  5 .6 7 6 E - 0 1  4 .5 4 1 E - 0 1  3 .7 8 4 E - 0 1  3 .2 4 3 E - 0 1  2 .8 3 8 E - 0 1  2 .5 2 3 E - 0 1  2 .2 7 0 E -  
01 2 . 0 6 4 E - 0 1  1 . 8 9 2 E - 0 1  1 . 7 4 6 E - 0 1
2 .7 6 9 4 8  1 .8 4 6 3 2  1 .3 8 4 7 4  1 . 1 0 7 7 9  9 .2 3 2 E - 0 1  7 .9 1 3 E - 0 1  6 .9 2 4 E - 0 1  6 .1 5 4 E - 0 1  5 . 5 3 9 E - 0 1  
5 .0 3 5 E - 0 1  4 . 6 1 6 E - 0 1  4 . 2 6 1 E - 0 1
6 .0 2 6 8 0  4 .0 1 7 8 6  3 .0 1 3 4 0  2 . 4 1 0 7 2  2 .0 0 8 9 3  1 .7 2 1 9 4  1 .5 0 6 7 0  1 . 3 3 9 2 9  1 .2 0 5 3 6  1 .0 9 5 7 8
1 .0 0 4 4 7  9 . 272E -01
1 . 194E+01 7 . 9 6 1 5 6  5 .9 7 1 1 7  4 . 7 7 6 9 4  3 .9 8 0 7 8  3 .4 1 2 1 0  2 .9 8 5 5 9  2 . 6 5 3 8 5  2 . 3 8 8 4 7  2 .1 7 1 3 4
1 .9 9 0 3 9  1 .8 3 7 2 8
2 . 189E+01 1 . 460E+01 1 . 095E+01 8 .7 5 7 9 5 7 .2 9 8 2 9 6 .2 5 5 6 8 5 . 4 7 3 7 2  4 . 86553 4 .
3 .9 8 0 8 9  3 .6 4 9 1 5  3 .36844
♦ k v t a b l e  4 ** K v a l u e  t a b l e f o r  C 6-10
5 .8 5 0 4 E - 0 6 3 .9 0 0 2 E - 06 2 .9 2 5 2 E - 06 2 .3 4 E - 06 1 .9 5 E - 06 1 .6 7 1 5 E -0 6  1 .4 6 2 6 E -0 6  1 .3 E -
1 .1 7 0 1 E - 0 6 1 .0 6 3 7 E - 06 9 .7 5 0 6 E - 07 9 .0 E - 0 7
0 .0 0 0 3 2 4 0 .0 0 0 2 1 6 0 .0 0 0 1 6 2 0 .0 0 0 1 3 0 0 .0 0 0 1 0 8 0 .0 0 0 0 9 3 0 . 0 0 0 0 8 1 0 .0 0 0 0 7 2
0 .0 0 0 0 6 5 0 .0 0 0 0 5 9 0 .0 0 0 0 5 4 0 . 0 0 0 0 5 0
0 .0 0 6 2 4 9 0 .0 0 4 1 6 6 0 .0 0 3 1 2 4 0 . 0 0 2 5 0 0 0 .0 0 2 0 8 3 0 .0 0 1 7 8 5 0 . 0 0 1 5 6 2 0 .0 0 1 3 8 9
0 .0 0 1 2 5 0 0 .0 0 1 1 3 6 0 .0 0 1 0 4 1 0 .0 0 0 9 6 1
0 .0 6 0 5 1 7 0 .0 4 0 3 4 4 0 .0 3 0 2 5 8 0 .0 2 4 2 0 7 0 .0 2 0 1 7 2 0 .0 1 7 2 9 0 0 .0 1 5 1 2 9 0 .0 1 3 4 4 8
0 .0 1 2 1 0 3 0 .0 1 1 0 0 3 0 .0 1 0 0 8 6 0 . 0 0 9 3 1 0
0 .3 6 5 1 8 1 0 .2 4 3 4 5 4 0 .1 8 2 5 9 0 0 .1 4 6 0 7 2 0 .1 2 1 7 2 7 0 .1 0 4 3 3 7 0 .0 9 1 2 9 5 0 .0 8 1 1 5 1
0 .0 7 3 0 3 6 0 .0 6 6 3 9 7 0 .0 6 0 8 6 3 0 .0 5 6 1 8 2
1 . 5 6 9 8 3 1 1 .0 4 6 5 5 4 0 .7 8 4 9 1 6 0 .6 2 7 9 3 2 0 .5 2 3 2 7 7 0 .4 4 8 5 2 3 0 .3 9 2 4 5 8 0 .3 4 8 8 5 1
0 .3 1 3 9 6 6 0 .2 8 5 4 2 4 0 .2 6 1 6 3 9 0 .2 4 1 5 1 2
5 . 2 4 8 1  3 . 4987 2 .6 2 4 0  2 .0 9 9 2 1 .7 4 9 4 1 .4 9 9 5 1 .3 1 2 0  1. 1662 1 . 0 4 9 6  0 .9 5 4 2 0 .8 7 4 7
2286
0 .8 0 7 4
1 4 .4 8 6 0  9 .6 5 7 4  7 .2 4 3 0  5 .7 9 4 4  4 . 8 2 8 7  4 . 1 3 8 9  3 .6 2 1 5  3 . 2 1 9 1  2 . 8 9 7 2  2 . 6 3 3 8  2 .4 1 4 3  2.
3 4 .4 3 9 3  2 2 . 9 5 9 5  1 7 .2 1 9 6  1 3 .7 7 5 7  1 1 .4 7 9 8  9 .8 3 9 8  8 .6 0 9 8  7 . 6 5 3 2  6 .8 8 7 9  6 .2 6 1 7  5 .7 3 9 9
5 .2 9 8 3
7 2 .7 1 7 1  4 8 . 4 7 8 1  3 6 .3 5 8 5  2 9 .0 8 6 8  2 4 .2 3 9 0  2 0 .7 7 6 3  1 8 .1 7 9 3  1 6 .1 5 9 4  1 4 .5 4 3 4  1 3 .2 2 1 3
1 2 .1 1 9 5  1 1 .1 8 7 2
1 3 9 .5 1 0 3  9 3 .0 0 6 8  6 9 .7 5 5 1  5 5 . 8 0 4 1  4 6 .5 0 3 4  3 9 .8 6 0 1  3 4 .8 7 7 6  3 1 .0 0 2 3  2 7 . 9 0 2 1  2 5 .3 6 5 5
2 3 .2 5 1 7  2 1 .4 6 3 1
2 4 7 .4 4 7 5  1 6 4 .9 6 5 0  1 2 3 .7 2 3 8  9 8 .9 7 9 0  8 2 .4 8 2 5  7 0 .6 9 9 3  6 1 .8 6 1 9  5 4 .9 8 8 3  4 9 . 4 8 9 5  4 4 .9 9 0 5
4 1 .2 4 1 3  3 8 .0 6 8 8
4 1 1 .2 2 4  2 7 4 .1 4 9 4  2 0 5 .6 1 2  1 6 4 .4 8 9 6  1 3 7 .0 7 4 7  1 1 7 .4 9 2 6  1 0 2 .8 0 6  9 1 .3 8 3  8 2 .2 4 4 8  7 4 .7 6 8
6 8 .5 3 7 3  6 3 .2 6 5 2
♦ k v t a b l e  5 ** K v a l u e  t a b l e  f o r  C l - 5
6 .3 1 2 2 E - 0 6  4 .2 0 8 1 E - 0 6  3 .1 5 6 E - 0 6  2 .5 2 4 9 E - 0 6  2 .1 0 4 E - 0 6  1 .8 0 3 5 E - 0 6  1 .5 7 8 E - 0 6  1 .4 0 2 7 E - 0 6  
1 .2 6 2 4 E - 0 6  1 .1 4 7 7 E - 0 6  1 . 0 5 2 E - 0 6  9 .7 1 1 E - 0 7
1 .3 4 6 E - 0 3  8 .9 7 3 3 E - 0 4  6 .7 3 E - 0 4  5 . 3 8 4 E - 0 4  4 .4 8 6 6 E - 0 4  3 .8 4 5 7 E - 0 4  3 .3 6 5 E - 0 4  2 .9 9 1 E - 0 4  
2 .6 9 2 E - 0 4  2 .4 4 7 3 E - 0 4  2 .2 4 3 3 E - 0 4  2 .0 7 0 8 E - 0 4
0 . 0 7 0 0  0 .0 4 6 7  0 .0 3 5 0  0 . 0 2 8 0  0 .0 2 3 3  0 .0 2 0 0  0 .0 1 7 5  0 .0 1 5 6
0 .0 1 0 8
0 . 0 1 4 0  0 .0 1 2 7  0 . 0 1 1 7
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1 . 4 5 2 0  0 .9 6 8 0  0 .7 2 6 0  0 .5 8 0 8  0 . 4 8 4 0  0 .4 1 4 9  0 .3 6 3 0  0 . 3 2 2 7  0 .2 9 0 4  0 . 2 6 4 0  0 .2 4 2 0
0 .2 2 3 4
1 6 .0 1 6 0  1 0 .6 7 7 3  8 .0 0 8 0  6 .4 0 6 4  5 .3 3 8 7  4 . 5 7 6 0  4 .0 0 4 0  3 . 5 5 9 1  3 . 2 0 3 2  2 .9 1 2 0
2 .6 6 9 3  2 .4 6 4 0
1 1 2 .3 0 8 8  7 4 .8 7 2 5  5 6 .1 5 4 4  4 4 .9 2 3 5  3 7 .4 3 6 3  3 2 .0 8 8 2  2 8 .0 7 7 2  2 4 . 9 5 7 5  2 2 .4 6 1 8
2 0 .4 1 9 8  1 8 .7 1 8 1  1 7 .2 7 8 3
5 6 2 .9 0 6 7  3 7 5 .2 7 1 1  2 8 1 .4 5 3 3  2 2 5 .1 6 2 7  1 8 7 .6 3 5 6  1 6 0 .8 3 0 5  1 4 0 .7 2 6 7  1 2 5 .0 9 0 4
1 1 2 .5 8 1 3  1 0 2 .3 4 6 7  9 3 .8 1 7 8  8 6 .6 0 1 0
2 1 8 4 .4 6 1 5  1 4 5 6 .3 0 7 6  1 0 9 2 .2 3 0 7  8 7 3 .7 8 4 6  7 2 8 .1 5 3 8  6 2 4 .1 3 1 8  5 4 6 .1 1 5 4  4 8 5 .4 3 5 9
4 3 6 .8 9 2 3  3 9 7 .1 7 4 8  3 6 4 .0 7 6 9  3 3 6 .0 7 1 0
6 9 4 4 .6 1 6 4  4 6 2 9 .7 4 4 3  3 4 7 2 .3 0 8 2  2 7 7 7 .8 4 6 6  2 3 1 4 .8 7 2 1  1 9 8 4 .1 7 6 1  1 7 3 6 . 1 5 4 1  1 5 4 3 .2 4 8 1
1 3 8 8 .9 2 3 3  1 2 6 2 .6 5 7 5  1 1 5 7 .4 3 6 1  1 0 6 8 .4 0 2 5
1 8 8 4 2 .7 1 0 9  1 2 5 6 1 .8 0 7 3  9 4 2 1 .3 5 5 4  7 5 3 7 .0 8 4 4  6 2 8 0 .9 0 3 6  5 3 8 3 .6 3 1 7  4 7 1 0 .6 7 7 7  
4 1 8 7 .2 6 9 1  3 7 6 8 .5 4 2 2  3 4 2 5 .9 4 7 4  3 1 4 0 .4 5 1 8  2 8 9 8 .8 7 8 6
4 4 9 8 4 .4 2 8 7  2 9 9 8 9 .6 1 9  2 2 4 9 2 .2 1 4 4  1 7 9 9 3 .7 7 1 5  1 4 9 9 4 .8 0 9 6  1 2 8 5 2 .6 9 3 9  1 1 2 4 6 .1 0 7  9 9 9 6 .5 3 9 7
8 9 9 6 .8 8 5 7  8 1 7 8 .9 8 7  7 4 9 7 .4 0 4 8  6 9 2 0 .6 8 1 3
9 6 7 0 4 .9 3 6 9  6 4 4 6 9 .9 5 8  4 8 3 5 2 .4 6 8 5  3 8 6 8 1 .9 7 4 8  3 2 2 3 4 .9 7 9  2 7 6 2 9 .9 8 2  2 4 1 7 6 .2 3 4  2 1 4 8 9 .9 8 6  
1 9 3 4 0 .9 8 7 4  1 7 5 8 2 .7 1 5 8  1 6 1 1 7 .4 8 9 5  1 4 8 7 7 .6 8 2 6
1 9 0 5 7 4 .1 0 8 4  1 2 7 0 4 9 .4 0 5 6  9 5 2 8 7 .0 5 4 2  7 6 2 2 9 .6 4 3 4  6 3 5 2 4 .7 0 2 8  5 4 4 4 9 .7 4 5  4 7 6 4 3 .5 2 7  
4 2 3 4 9 .8 0 1 9  3 8 1 1 4 .8 2 1 7  3 4 6 4 9 .8 3 7 9  3 1 7 6 2 .3 5 1 4  2 9 3 1 9 .0 9 3 6  
* k v t a b l e  6 ** K v a l u e  t a b l e  f o r  C02
2 .4 9 1 4  1 .6 6 0 9  1 .2 4 5 7  0 .9 9 6 6  0 .8 3 0 5  0 .7 1 1 8  0 .6 2 2 9  0 . 5 5 3 6  0 .4 9 8 3  0 . 4 5 3 0  0 .4 1 5 2
0 .3 8 3 3
6 .8 2 4 9  4 . 5 5 0 0  3 .4 1 2 5  2 . 7 3 0 0  2 .2 7 5 0  1 .9 5 0 0  1 . 7 0 6 2  1 .5 1 6 7  1 . 3 6 5 0  1 .2 4 0 9  1 .1 3 7 5
I . 0 5 0 0
1 4 .3 4 1 1  9 .5 6 0 7  7 .1 7 0 5  5 .7 3 6 4  4 . 7 8 0 4  4 .0 9 7 5  3 .5 8 5 3  3 .1 8 6 9  2 . 8 6 8 2  2 .6 0 7 5
2 . 3 9 0 2  2 .2 0 6 3
2 5 .3 5 5 3  1 6 .9 0 3 5  2 .6 7 7 6  1 0 .1 4 2 1  8 .4 5 1 8  7 .2 4 4 4  6 .3 3 8 8  5 . 6 3 4 5  5 . 0 7 1 1  4 . 6 1 0 1
4 . 2 2 5 9  3 .9 0 0 8
3 9 .8 1 0 3  2 6 .5 4 0 2  1 9 .9 0 5 2  1 5 . 9 2 4 1  1 3 .2 7 0 1  1 1 .3 7 4 4  9 .9 5 2 6  8 .8 4 6 7  7 .9 6 2 1  7 .2 3 8 2
6 . 6 3 5 1  6 .1 2 4 7
5 7 .4 0 5 7  3 8 .2 7 0 5  2 8 .7 0 2 9  2 2 .9 6 2 3  1 9 .1 3 5 2  1 6 .4 0 1 6  1 4 .3 5 1 4  1 2 .7 5 6 8  1 1 .4 8 1 1
1 0 .4 3 7 4  9 .5 6 7 6  8 .8 3 1 7
77^7156 5 1 .8 1 0 4  3 8 .8 5 7 8  3 1 .0 8 6 2  2 5 .9 0 5 2  2 2 .2 0 4 5  1 9 .4 2 8 9  1 7 . 2 7 0 1  1 5 .5 4 3 1
1 4 .1 3 0 1  1 2 .9 5 2 6  1 1 .9 5 6 2
1 0 0 .2 7 2 0  6 6 .8 4 8 0  5 0 .1 3 6 0  4 0 .1 0 8 8  3 3 .4 2 4 0  2 8 . 6 4 9 1  2 5 .0 6 8 0  2 2 .2 8 2 7  2 0 .0 5 4 4
1 8 .2 3 1 3  1 6 .7 1 2 0  1 5 .4 2 6 5
1 2 4 .6 1 6 6  8 3 .0 7 7 7  6 2 .3 0 8 3  4 9 .8 4 6 6  4 1 .5 3 8 9  3 5 .6 0 4 7  3 1 .1 5 4 1  2 7 .6 9 2 6  2 4 .9 2 3 3
2 2 .6 5 7 6  2 0 .7 6 9 4  1 9 .1 7 1 8
1 5 0 .3 2 8 4  1 0 0 .2 1 8 9  7 5 .1 6 4 2  6 0 .1 3 1 4  5 0 .1 0 9 5  4 2 . 9 5 1 0  3 7 .5 8 2 1  3 3 .4 0 6 3  3 0 .0 6 5 7
2 7 .3 3 2 4  2 5 .0 5 4 7  2 3 .1 2 7 4
1 7 7 .0 3 6 2  1 1 8 .0 2 4 1  8 8 .5 1 8 1  7 0 .8 1 4 5  5 9 .0 1 2 1  5 0 .5 8 1 8  4 4 .2 5 9 0  3 9 .3 4 1 4  3 5 .4 0 7 2
3 2 .1 8 8 4  2 9 .5 0 6 0  2 7 .2 3 6 3
2 0 4 .4 2 1 4  1 3 6 .2 8 0 9  1 0 2 .2 1 0 7  8 1 .7 6 8 5  6 8 .1 4 0 5  5 8 . 4 0 6 1  5 1 .1 0 5 3  4 5 . 4 2 7 0  4 0 .8 8 4 3
3 7 .1 6 7 5  3 4 .0 7 0 2  3 1 .4 4 9 4
2 3 2 .2 1 6 1  1 5 4 .8 1 0 7  1 1 6 .1 0 8 0  9 2 .8 8 6 4  7 7 .4 0 5 4  6 6 .3 4 7 5  5 8 .0 5 4 0  5 1 .6 0 3 6  4 6 .4 4 3 2
4 2 .2 2 1 1  3 8 .7 0 2 7  3 5 .7 2 5 6
* k v t a b l e  7 ** K v a l u e  t a b l e  f o r  N2
2 7 .0 1 8 8  1 8 .0 1 2 5  1 3 .5 0 9 4  1 0 .8 0 7 5  9 .0 0 6 3  7 .7 1 9 7  6 .7 5 4 7  6 .0 0 4 2  5 . 4 0 3 8  4 .9 1 2 5  4 . 5 0 3 1
4 .1 5 6 7
3 8 .0 4 8 3  2 5 .3 6 5 5  1 9 .0 2 4 1  1 5 .2 1 9 3  1 2 .6 8 2 8  1 0 .8 7 0 9  9 . 5 1 2 1  8 .4 5 5 2  7 .6 0 9 7  6 .9 1 7 9  6 .3 4 1 4  
5 .8 5 3 6
4 8 .9 6 4 5  3 2 .6 4 3 0  2 4 .4 8 2 2  1 9 .5 8 5 8  1 6 .3 2 1 5  1 3 .9 8 9 8  1 2 . 2 4 1 1  1 0 .8 8 1 0  9 . 7 9 2 9  8 .9 0 2 6  8 .1 6 0 7  
7 . 5 3 3 0
5 9 .4 2 2 5  3 9 .6 1 5 0  2 9 .7 1 1 3  2 3 .7 6 9 0  1 9 .8 0 7 5  1 6 .9 7 7 9  1 4 .8 5 5 6  1 3 .2 0 5 0  1 1 .8 8 4 5  1 0 .8 0 4 1  9 .9 0 3 8  
9 .1 4 1 9
6 9 .2 6 3 8  4 6 .1 7 5 9  3 4 .6 3 1 9  2 7 .7 0 5 5  2 3 .0 8 7 9  1 9 .7 8 9 7  1 7 . 3 1 6 0  1 5 .3 9 2 0  1 3 .8 5 2 8  1 2 .5 9 3 4
I I . 5 4 4 0  1 0 .6 5 6 0
7 8 .4 3 4 0  5 2 .2 8 9 3  3 9 .2 1 7 0  3 1 .3 7 3 6  2 6 .1 4 4 7  2 2 .4 0 9 7  1 9 . 6 0 8 5  1 7 .4 2 9 8  1 5 .6 8 6 8  1 4 .2 6 0 7  
1 3 .0 7 2 3  1 2 .0 6 6 8
8 6 .9 3 4 5  5 7 .9 5 6 3  4 3 .4 6 7 2  3 4 .7 7 3 8  2 8 .9 7 8 2  2 4 .8 3 8 4  2 1 .7 3 3 6  1 9 .3 1 8 8  1 7 .3 8 6 9  1 5 .8 0 6 3  
1 4 .4 8 9 1  1 3 . 3 7 4 5 .
9 4 .7 9 5 2  6 3 .1 9 6 8  4 7 .3 9 7 6  3 7 .9 1 8 1  3 1 .5 9 8 4  2 7 .0 8 4 3  2 3 . 6 9 8 8  2 1 .0 6 5 6  1 8 .9 5 9 0  1 7 .2 3 5 5  
1 5 .7 9 9 2  1 4 .5 8 3 9
1 0 2 .0 5 9 2  6 8 .0 3 9 5  5 1 .0 2 9 6  4 0 .8 2 3 7  3 4 .0 1 9 7  2 9 .1 5 9 8  2 5 .5 1 4 8  2 2 .6 7 9 8  2 0 .4 1 1 8
1 8 .5 5 6 2  1 7 .0 0 9 9  1 5 .7 0 1 4
1 0 8 .7 7 4 1  7 2 . 5 1 6 1  5 4 .3 8 7 1  4 3 .5 0 9 7  3 6 .2 5 8 0  3 1 .0 7 8 3  2 7 .1 9 3 5  2 4 .1 7 2 0  2 1 .7 5 4 8
1 9 .7 7 7 1  1 8 .1 2 9 0  1 6 .7 3 4 5
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1 1 4 .9 8 7 6  7 6 .6 5 8 4  5 7 .4 9 3 8  4 5 . 9 9 5 1  3 8 .3 2 9 2  3 2 .8 5 3 6  2 8 .7 4 6 9  2 5 .5 5 2 8  2 2 .9 9 7 5
2 0 .9 0 6 8  1 9 .1 6 4 6  1 7 .6 9 0 4
1 2 0 .7 4 5 2  8 0 .4 9 6 8  6 0 .3 7 2 6  4 8 . 2 9 8 1  4 0 .2 4 8 4  3 4 . 4 9 8 6  3 0 .1 8 6 3  2 6 .8 3 2 3  2 4 .1 4 9 0  2 1 .9 5 3 7  
2 0 .1 2 4 2  1 8 .5 7 6 2
1 2 6 .0 8 9 1  8 4 .0 5 9 4  6 3 .0 4 4 5  5 0 .4 3 5 6  4 2 .0 2 9 7  3 6 . 0 2 5 4  3 1 .5 2 2 3  2 8 .0 1 9 8  2 5 .2 1 7 8  2 2 .9 2 5 3  
2 1 .0 1 4 8  1 9 .3 9 8 3
♦♦ R e f e r e n c e  c o n d i t i o n s
♦ p r s r  1 4 . 7  *tem r 77 ♦ p s u r f  1 4 . 6 5  * t s u r f  62
* ★  = = = = = = =
♦ r o c k f l u i d
ROCK-FLUID PROPERTIES
*sw t ** W a t e e r - o i l  r e l a t i v e  p e r m e a b i l i t i e
♦♦ Sw Krw Krow
** -----
0 . 1 0 . 0 0 . 9
0 .2 5 0 .0 0 4 0 . 6
0 .4 4 0 .0 2 4 0 .2 8
0 .5 6 0 . 0 7 2 0 .1 4 4
0 . 6 7 2 0 .1 6 8 0 .0 4 8
0 .7 1 7 0 . 2 5 6 0 . 0
♦ s i t **
♦♦ SI Krg Krog
** -----
0 . 2 1 0 .4 8 4 0 . 0
0 . 3 2 0 .3 4 8 0 . 0 1
0 .4 0 .2 8 8 0 .0 2 4
0 .4 7 2 0 .1 8 4 0 . 0 5 2
0 .5 8 0 . 0 8 6 0 . 1 5 2
0 .6 8 0 .0 2 4 0 .2 7 2
0 .7 9 8 0 .0 0 6 0 .4 4 8
0 . 8 0 0 0 . 0 0 . 9
♦♦ O v e r r id e c r i t i c a l s a t u r a t i o n s  on t a b l e
♦♦ *swr  0 . 2 5 ♦sorw  0..25 ♦ s g r  0 . 1 2  ♦ s o r g  0
♦♦ ♦swr 0 . 2 5 ♦sorw 0..28 ♦ s g r  0 . 1 7  ♦ s o r g  0
♦swr 0 . 2 5  ♦:sorw 0 . 2 8 ♦ s g r  0 . 2 0  ♦ s o r g  0 . 2
L i q u i d - g a s  r e l a t i v e  p e r m e a b i l i t i e s
*  *  = = = = = = = = = = = = = =
♦ i n i t i a l
♦ p r e s  ♦con 7 2 5 . 1 9  
p s i )
♦sw ♦con 0 . 3 5  
♦ so  ♦con 0 . 6 0  
♦temp ♦con  1 7 6 .
INITIAL CONDITIONS
♦♦ h i g h  i n i t i a l  p r e s s u r e  50 b a r  (5 0 0 0  kPa o r  7 2 5 .1 9
♦♦ S o i = 0 . 6 0  & S w i= 0 .3 5  
♦♦ i n i t i a l  w a t e r  s a t u r a t i o n  i s  0 . 3 5  
♦♦ i n i t i a l  g a s  s a t u r a t i o n  i s  0 . 0 5  
♦♦ R e s e r v o i r  Bed T em peratu re  80 oC (176  oF)
♦♦ Gas i n  t u b e  a t  t h e  i n i t i a l  c o n d i t i o n s  i s  N2 w i t h  s m a l l  c o n c e t r a t i o n  o f  C l - 5  
♦♦ a t  e q u i l i b r i u m  w i t h  t h e  l i q u i d  p e t r o le u m  p h a s e .
♦ ♦  ' H 2 0 '
'C02' ' N2' ' 0 2 '  'CO' 'COKE'
♦ m o le f r a c  ♦ g a s  ♦con 4 ^ 0 .0
0 . 0  0 . 9 9 7  0 . 0  0 . 0
C21+' ' C l l - 2 0 ' 'C 6 -1 0 ' C l - 5 '
0 .0 0 3
♦♦ ♦ m o le f r a c  *gas  ♦con 5 ^ 0 .0  0 . 7 9  0 . 2 1  0 . 0
♦♦ I n i t i a l  p e t r o le u m  p h a se  f r a c t i o n  a r e : C 2 1 + = 0 .3 5 8 7 5 5 4 8  C l l - 2 0 = 0 .3 7 3 6 0 9 0 6
♦♦ C 6 - 1 0 = 0 .1 9 2 9 3 2 9 2  C l - 5
= 0 .0 7 4 7 0 2 5 5
♦♦ A f t e r  e q u i l i b i z a t i o n  w i t h  t h e  N2 g a s  p h a se  t h e  N i t r o g e n  f r a c t i o n  i n  t h e  o i l  p h a se  
i s  0 .0 4  and
♦♦ t h e  h y d r o c a r b o n  f r a c t i o n  a r e :  C21+ = 0 .3 3 3 6 4 3  C l l - 2 0 = 0 .3 4 7 4 5 7
♦♦ C 6 -1 0  = 0 .1 7 9 4 2 7  C l - 5  = 0 .0 6 9 4 7 3
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* *  i
8 9 10
** ' H20' 1
' 0 2 '  'CO' 'COKE'
♦ m o le f r a c  * o i l  *con  0 . 0  





C l l - 2 0 '
4
' C 6 -1 0 '
5





0 .3 3 0 0 2 9  0 .3 4 3 7 2 4  0 .1 7 7 4 9 9  0 .0 6 8 7 4 8  0 . 0  0 . 0 8
0 .3 5 8 7 5 4  0 .3 7 3 6 0 8  0 .1 9 2 9 3 2  0 .0 7 4 7 0 2  0 . 0  0 . 0 4
** ============== NUMERICAL CONTROL ======================
♦ n u m e r ic a l  ♦♦ A l l  t h e s e  can  b e  d e f a u l t e d .  The d e f i n i t i o n s  
♦♦ h e r e  m atch  t h e  p r e v i o u s  d a t a .
♦m a x step s  4500  ♦ n o r th  10 ♦ n ew to n cy c  29 ♦ i t e r m a x  120  
♦ u n r e la x  - 1  
♦ p i v o t  ♦on 
♦pvtoscm ax  15
♦norm p r e s s  280 s a t u r  0 . 3 9  temp 250
♦♦ ♦norm p r e s s  15 s a t u r  . 1  temp 40 y .1  x  .1  
♦♦ ♦ c o n v e r g e  p r e s s  .1 5  s a t u r  .0 0 2  temp .5  y  .0 0 2  x  .0 0 2  
♦ c o n v e r g e
♦ p r e s s  4 . 3 5  
♦ s a t u r  0 .0 4 9  
♦temp 1 .7 9  
♦y 0 .0 9  
♦x 0 .0 9  
♦w 0 . 0 9  
♦ zo  0 .0 4  
♦ zn cg  0 .0 4  
♦zaq 0 . 5  
♦ w e l l r e s  1 
♦ m a t b a l t o l  1
♦run
♦♦ ============== RECURRENT data  ======================
t im e  0 d t w e l l  .0 0 0 5
w e l l  1 'INJECTOR' i n j e c t o r  1 
o p e r a t e  g a s  3 .3 8 3 7  
SM3/M2 HR)
1 2 . 2  TO 15 m3/m2hr s t d  
♦ ♦  1 2  
7 8 9 10
♦♦ ' H20'  ' C 2 1 + '
'COKE'
incomp g a s  6 ^ 0 .0  0 . 7 9  0 . 2 1  0 . 0
t i n j o v  176  
p e r f  1 ♦♦ i  j k w i ( g a s )
1 1 1 2 7 :1 2 8  0 .1 4
♦♦ 1 1 64 0 . 1 4  ♦♦
♦♦ 1 1 32 5 .5 4
w e l l  2 'PRODUCER' p r o d u c e r  2 
OPERATE MAX LIQUID 0 .0 4 2 4  
OPERATE BHP 7 2 0 .
♦♦ o p e r a t e  bhp 1 5 0 0 .3  
m o n ito r  temp 1100 s t o p  
geo m etr y  k - 1  1 1 0 
p e r f  g e o  2 ♦♦ i  j k
1 1 1
t im e  .0 1
♦♦ I n j e c t i o n  R a te  3 . 3 8 3 7  f t 3 / h r  (1597  cm3/min /  1 2 . 2  
♦ ♦ T o t a l  i n j e c t i o n  f l u x  INITIALLY 
3 4 5 6
' C l l - 2 0 '  'C 6 -1 0 '  ' C l - 5 '  ' C 02' 'N2' ' 0 2 '  'CO'
♦♦ A i r  i n j e c t i o n  21% 02 & 79% N2
1 1 9 5 :9 6 0 . 1 4 ♦ ♦ 1 1  1 2 7 :1 2 8 0 . 1 4
♦♦ L in e a r  p r e s s u r e  d ro p  a t  t u b e  end
** h e a t r i j k 1 1 1281 662 ♦♦ U se  e x t e r n a l  h e a t e r s  t o  r a i s e  t h e
t e m p e r a t u r e
★ ★ h e a t r i j k 1 1 64 500 ♦♦ Use e x t e r n a l  h e a t e r s  t o  r a i s e  t h e  t e m p e r a t u r e
** h e a t r i j k 1 1 63 500 ★ * Use e x t e r n a l h e a t e r s t o  r a i s e t h e  t e m p e r a t u r e
** h e a t r i j k 1 1 96 500 ** Use e x t e r n a l h e a t e r s t o  r a i s e t h e  t e m p e r a t u r e
★ ★ h e a t r i j k 1 1 95 500 ** Use e x t e r n a l h e a t e r s t o  r a i s e t h e  t e m p e r a t u r e
** h e a t r i j k 1 1 94 500 ★ * Use e x t e r n a l h e a t e r s t o  r a i s e t h e  t e m p e r a t u r e
** h e a t r i j k 1 1 93 500 * * Use e x t e r n a l h e a t e r s t o  r a i s e t h e  t e m p e r a t u r e
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h e a t r i j k 1 1 128 500 ** U se  e x t e r n a l  h e a t e r s  t o  r a i s e  t h e  t e m p e r a t u r e
h e a t r i j k 1 1 127 500 ** Use  e x t e r n a l  h e a t e r s  t o  r a i s e  t h e  t e m p e r a t u r e
h e a t r i j k 1 1 126 500 * *  U se  e x t e r n a l  h e a t e r s  t o  r a i s e  t h e  t e m p e r a t u r e
h e a t r i j k 1 1 125 500 ** U se  e x t e r n a l  h e a t e r s  t o  r a i s e  t h e  t e m p e r a t u r e
t i m e  ..20
h e a t r con 0 ** Sh u t  o f f e x t e r n a l  h e a t e r s
t i m e  .,2167
PRODUCER 2
OPERATE MAX LIQUID 0 .0 1 3 6  
o u t s r f  g r i d  none  
t i m e  .2 6 3 3
INJECTOR 1 
OPERATE 
/  15 SM3/M2 HR) 
o u t s r f  g r i d  none  
t i m e  .5
o u t s r f  g r i d  p r e s
o u t s r f  g r i d  none  
t i m e  .7583
PRODUCER 
OPERATE 
o u t s r f  g r i d  none  
t i m e  .8
o u t s r f  g r i d  none  
t i m e  1
o u t s r f  g r i d  p r e s  sw s o  s g  temp y  x  w s o l c o n c  o b h l o s s
masdenw m asdeno m asdeng pcow pc o g  v i s w  v i s o  v i s g  
krw kro  k r g  k v a ly w  k v a l y x  cmpdenw cmpdeno cm pvisw  
c m p v iso  c m p v isg  c c h l o s s
t i m e  1 . 3
PRODUCER 2
OPERATE MAX LIQUID 0 .0 0 8 3  
o u t s r f  g r i d  none  
t i m e  1 . 5
o u t s r f  g r i d  p r e s  sw s o  s g  temp y  x  w s o l c o n c  o b h l o s s
masdenw m asdeno masdeng pcow pc o g  v i s w  v i s o  v i s g  
krw kro  krg  kv a ly w  k v a l y x  cmpdenw cmpdeno cm pvisw  
cm p v iso  c m p v isg  c c h l o s s
t im e  1 . 7 5  
o u t s r f  g r i d  none  
t im e  2 . 0
o u t s r f  g r i d  p r e s  sw s o  s g  temp y x  w s o l c o n c  o b h l o s s
masdenw m asdeno masdeng pcow pc o g  v i s w  v i s o  v i s g  
krw kro  k r g  kv a ly w  k v a l y x  cmpdenw cmpdeno cm pvisw  
cm p v iso  c m p v isg  c c h l o s s
t i m e  2 .1 6 7  
o u t s r f  g r i d  none  
s t o p
GAS 4 .1 6 0 3  ** I n j e c t i o n  R a te  4 . 1 6 0 3  f t 3 / h r  (1964  cm3/min
sw s o  s g  temp y x  w s o l c o n c  o b h l o s s
masdenw m asdeno masdeng pcow p c o g  v i s w  v i s o  v i s g  
krw k r o  k r g  k v a ly w  k v a l y x  cmpdenw cmpdeno cm pvisw  
c m p v iso  c m p v isg  c c h l o s s
2
MAX LIQUID 0 . 0 1 1 0
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★ it ID iCOMBUSTION TUBE TEST No.RUN-5 - LIGHT CLAIR OIL 5 PSEUDO COMP.
**
** TUBE PRESURE 75 B a rs  -96  GRID BLOCKS 5 HYDROCARBON PSEUDOCOMPONENTS
* * DIRECT & INDIRECT HYDROCARBON COMBUSTION WITH CRACKING REACTIONS
* * Forward dry  c o m b u s t io n  i n  a 1 - d  v e r t i c a l  t u b e  i s  s i m u l a t e d .
** A ir i s  i n j e c t e d  a t  t h e  t o p  o f  t h e  t u b e  a t  a c o n s t a n t  r a t e .  F l u i d s
** a r e p r o d u ce d  a t  t h e  bo t to m  o f  t h e  t u b e  a t  c o n s t a n t  b a c k - p r e s s u r e .
** S p e c i a l  F e a t u r e s :
★  * 1) 5 h y d r o c a r b o n  c om ponents :  3 l i q u i d  C21+, C l l - 2 0 ,  C 6 -1 0 ,  C2-5  and 1
* * S t o c k t a n k  s t a b i l i z e d  o i l  i s  u s e d  and CH4 c o m p o s i t i o n  i s  n e g l i g i b l e
** 2) Two n o n - c o n d e n s i b l e  g a s e s :  o x y g e n  & CO g a s e s .
* * 3) F i v e  c o m b u s t io n  r e a c t i o n s :
★ * (a )  c r a c k i n g  o f  h e a v y  o i l  t o  l i g h t  o i l  and c o k e ,
* * (b )  C21+ h e a v y  o i l  b u r n in g ,
** ( C )  C l l - 2 0  MEDIUM OIL BURNING,
** (d)  C 6-10  l i g h t  o i l  b u r n in g ,
** ( e )  COKE b u r n in g .
** B u rn in g  p r o d u c e s  w a t e r  and C0+C02 m i x t u r e .
* * 4) H igh i n i t i a l  p r e s s u r e  (1 0 0  b a r ,  10000  Kpa, 1 4 5 0 .3 8  p s i a )  and 80 oF
T e m p e r a tu r e .
** 5) I n j e c t i o n  end  i s  h e a t e d  e x t e r n a l l y ,  i g n i t i o n  t e m p e r a t u r e  350 oC (6 6 2  o F ) .
★* 6) p o r s i t y :  36.6% P e r m e a b i l i t y :  1004 mD
** 7) Water s a t u r a t i o n :  30% O i l  S a t u r a t i o n :  65% and
** 5% g a s  s a t u r a t i o n  assum ed n i t r o g e n  t h e  i n t i a l  c o n d i t i o n s .
** ============== INPUT/OOTPUT CONTROL ======================
f i l e n a m e  o u t p u t  i n d e x - o u t  m a i n - r e s u l t s - o u t  * *  Use d e f a u l t  f i l e  names
* t i t l e l  'ID CLAIR OIL COMBUSTION TUBE RUN No. 5 -7 5  BARS '
* t i t l e 2  'DIRCECT & INDIRECT COMBUSTION -5  PSEUDO COMPONENTS'
* i n u n i t  f i e l d  e x c e p t  1 1  ** h r s  i n s t e a d  o f  da y s  
e x c e p t  11 1 ** f t 3  i n s t e a d  o f  b b l
*OUTUNIT LAB
* o u tp rn  * g r i d  p r e s  sw s o  s g  temp y x  s o l c o n c  o b h l o s s  v i s o
* o u tp rn  * w e l l  * a l l
* w r s t  300 *wprn * g r i d  300 *wprn * i t e r  300
o u t s r f  g r i d  p r e s  sw s o  s g  temp y x  w s o l c o n c  o b h l o s s
masdenw m asdeno masdeng pcow p c o g  v i s w  v i s o  v i s g  
krw kro  k r g  kv a ly w  k v a l y x  cmpdenw cmpdeno cmpvisw  
c m p v iso  c m p v isg  c c h l o s s
b l k v a r temp 0 1 ** T h i s t o r y , b l o c k  1
b l k v a r temp 0 2 ★ * n b l o c k  2
b l k v a r temp 0 4 ** n b l o c k  4
b l k v a r temp 0 6 ★ * it b l o c k  6
b l k v a r temp 0 8 ** it b l o c k  8
b l k v a r temp 0 10 ** n b l o c k  10
b l k v a r temp 0 12 *★ it b l o c k  12
b l k v a r temp 0 14 ** tt b l o c k  14
b l k v a r temp 0 16 + ★ tt b l o c k  16
b l k v a r temp 0 18 ** tt b l o c k  18
b l k v a r temp 0 20 ** tt b l o c k  20
b l k v a r temp 0 22 ** tt b l o c k  22
b l k v a r temp 0 24 *★ it b l o c k  24
b l k v a r temp 0 26 ** it b l o c k  26
b l k v a r temp 0 28 ** it b l o c k  28
b l k v a r temp 0 30 ★ * tt b l o c k  30
b l k v a r temp 0 32 ★ * tt b l o c k  32
b l k v a r temp 0 34 ** tt b l o c k  34
b l k v a r temp 0 36 ** it b l o c k  36
b l k v a r temp 0 38 ** tt b l o c k  38
b l k v a r temp 0 40 * * tt b l o c k  40
b l k v a r temp 0 42 ** it b l o c k  42
b l k v a r temp 0 44 ** it b l o c k  44
b l k v a r temp 0 46 ** tt b l o c k  46
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b l k v a r temp 0 48 *  ★ II b l o c k  48
b l k v a r temp 0 50 * * II b l o c k  50
b l k v a r temp 0 52 * * * b l o c k  52
b l k v a r temp 0 54 ★ ★ n b l o c k  54
b lk v a r temp 0 56 * * n b l o c k  56
b l k v a r temp 0 58 ★ ★ n b l o c k  58
b l k v a r temp 0 60 * * n b l o c k  60
b lk v a r temp 0 62 ** * b l o c k  62
b l k v a r temp 0 64 * * n b l o c k  64
b lk v a r temp 0 66 ** T h i s t o r y ,  b l o c k  66
b l k v a r temp 0 68 ** t h i s t o r y ,  b l o c k  68
b lk v a r temp 0 70 * *  x h i s t o r y ,  b l o c k  70
b l k v a r temp 0 72 ** n b l o c k  72
b l k v a r temp 0 74 ** n b l o c k  74
b l k v a r temp 0 76 * ★ » b l o c k  76
b l k v a r temp 0 78 * * n b l o c k  78
b l k v a r temp 0 80 ★ * m b l o c k  80
b l k v a r temp 0 82 ★ * n b l o c k  82
b l k v a r temp 0 84 * * n b l o c k  84
b lk v a r temp 0 86 ** n b l o c k  86
b l k v a r temp 0 88 * * it b l o c k  88
b l k v a r temp 0 90 ** n b l o c k  90
b l k v a r temp 0 92 ** n b l o c k  92
b lk v a r temp 0 94 * * n b l o c k  94
b lk v a r temp 0 96 ★ ★ ii b l o c k  96
a v g v a r temp 0 ** a v e r a g e  T i n  t u b e
a v g v a r sw 0 ** a v e r a g e  sw i n  t u b e
a v g v a r s o 0 ** a v e r a g e  s o  i n  t u b e
a v g v a r s g 0 ** a v e r a g e  s g i n  t u b e
b lk v a r sw 0 1 ** Sw h i s t o r y , b l o c k  1
b lk v a r sw 0 2 ** Sw h i s t o r y , b l o c k  2
b lk v a r sw 0 4 ** Sw h i s t o r y , b l o c k  4
b l k v a r sw 0 6 ** Sw h i s t o r y , b l o c k  6
b l k v a r sw 0 8 ** Sw h i s t o r y , b l o c k  8
b l k v a r sw 0 10 ** Sw h i s t o r y b l o c k  10
b l k v a r sw 0 12 ** Sw h i s t o r y b l o c k  12
b l k v a r sw 0 14 ** Sw h i s t o r y b l o c k  14
b l k v a r sw 0 16 #★ Sw h i s t o r y b l o c k  16
b l k v a r sw 0 18 ** Sw h i s t o r y b l o c k  18
b l k v a r sw 0 20 ★ ★ Sw h i s t o r y b l o c k  20
b l k v a r sw 0 22 ** Sw h i s t o r y b l o c k  22
b l k v a r sw 0 24 *★ Sw h i s t o r y b l o c k  24
b lk v a r sw 0 26 * ★ Sw h i s t o r y b l o c k  26
b lk v a r sw 0 28 * * Sw h i s t o r y b l o c k  28
b lk v a r sw 0 30 * * Sw h i s t o r y b l o c k  30
b lk v a r sw 0 32 * ★ Sw h i s t o r y b l o c k  32
b l k v a r sw 0 34 * ★ Sw h i s t o r y b l o c k  34
b l k v a r sw 0 36 ★ * Sw h i s t o r y b l o c k  36
b lk v a r sw 0 38 ** Sw h i s t o r y b l o c k  38
b lk v a r sw 0 40 ** Sw h i s t o r y b l o c k  40
b l k v a r sw 0 42 * ★ Sw h i s t o r y b l o c k  42
b l k v a r sw 0 44 ★ ★ Sw h i s t o r y b l o c k  44
b l k v a r sw 0 46 *★ Sw h i s t o r y b l o c k  46
b lk v a r sw 0 48 ** Sw h i s t o r y b l o c k  48
b l k v a r sw 0 50 ** Sw h i s t o r y b l o c k  50
b l k v a r sw 0 52 ★ * Sw h i s t o r y b l o c k  52
b l k v a r sw 0 54 ** Sw h i s t o r y b l o c k  54
b l k v a r sw 0 56 * * Sw h i s t o r y b l o c k  56
b l k v a r sw 0 58 ** Sw h i s t o r y b l o c k  58
b l k v a r sw 0 60 ** Sw h i s t o r y b l o c k  60
b l k v a r sw 0 62 ** Sw h i s t o r y b l o c k  62
b l k v a r sw 0 64 ** Sw h i s t o r y b l o c k  64
b l k v a r sw 0 66 ** Sw h i s t o r y b l o c k  66
b l k v a r sw 0 68 ** Sw h i s t o r y b l o c k  68
b l k v a r sw 0 70 *★ Sw h i s t o r y b l o c k  70
b l k v a r sw 0 72 ** Sw h i s t o r y b l o c k  72
b l k v a r sw 0 74 ★ * Sw h i s t o r y b l o c k  74
b l k v a r sw 0 76 * * Sw h i s t o r y b l o c k  76
b lk v a r sw 0 78 * * Sw h i s t o r y b l o c k  78
b l k v a r sw 0 80 * * Sw h i s t o r y b l o c k  80
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* *  
*★ 
* *  
* *  
* *  
*★ 
* * 
* *  
★*
b l k v a r sw 0 82 ** Sw h i s t o r y ,  b l o c k  82
b l k v a r sw 0 84 ** Sw h i s t o r y ,  b l o c k  84
b l k v a r sw 0 86 ** Sw h i s t o r y ,  b l o c k  86
b l k v a r sw 0 88 ** Sw h i s t o r y ,  b l o c k  88
b l k v a r sw 0 90 ** Sw h i s t o r y ,  b l o c k  90
b l k v a r sw 0 92 ★ * Sw h i s t o r y ,  b l o c k  92
b l k v a r sw 0 94 ** Sw h i s t o r y ,  b l o c k  94
b l k v a r sw 0 96 ** Sw h i s t o r y ,  b l o c k  96
b l k v a r  y 6 1 ** y ( C 0 2 ) ,
b l k v a r  y 8 1 * *  y ( o x y g e n )
b l k v a r  y 9 1 * *  y ( c o ) ,
b l k v a r  k r o  0 16 
maxvar s o l c o n c  9 *
m a tb a l  r e a c t i o n  1 
m a tb a l  r e a c t i o n  2 
m a tb a l  r e a c t i o n  e n e r g y  
c c h l o s s  
t f r o n t  400  
t f r o n t  1200  
t f r o n t  1200 backward
* *  o i l  r e l  perm, "
* max c o k e  c o n e  i n  t u b e  
** n e t  r e a c t i o n  w a t e r  
** n e t  r e a c t i o n  o i l  
** n e t  r e a c t i o n  o x y g e n  
* *  n e t  cum h e a t  from h e a t e r s  
** 400 deg  f r o n t  p o s i t i o n  
** 1200 deg  f r o n t  p o s i t i o n  
* *  1200 deg  backward f r o n t  p o s i t i o n
* PARTCLMLWT 1 3 . 6 ** COKE (C H I.6) MOLECULAR WEIGHT IS 1 3 . 6
** ============== GRID AND RESERVOIR DEFINITION =================
** * g r id  * c a r t  1 1 64 ** 64 b l o c k s  i n  t h e  K d i r e c t i o n  (norm al  v e r t i c a l )
* g r i d  * c a r t  1 1 96 ** 96 b l o c k s  i n  t h e  K d i r e c t i o n  (norm al  v e r t i c a l )
** * g r id  * c a r t  1 1 128 ** 128 b l o c k s  i n  t h e  K d i r e c t i o n  (norm al  v e r t i c a l )
** Tube I . D . = 10 cm. C r o s s - s e c t i o n a l  a r e a  i s  p i * ( d / 2 ) * * 2  
** = 7 8 . 5 4  cm2 = L*L. s o  e q u i v a l e n t  b l o c k  s i d e  i s  
** L = 8 .8 6 2 2 7  cm ( 0 .2 8 7 0 8  f t ) .
** T o t a l  t u b e  l e n g t h  i s  125 cm;
** b l o c k  = 1 2 5 / 1 0 0  = 1 . 2 5  cm ( 0 .0 6 3 3 1  f t  f o r  64 g r i d  b l o c k s  o r  0 . 0 3 1 6 6  f t  f o r  1 28)
* *  ( 0 .0 4 2 2 0 8 3  f t  f o r  96 g r i d  b l o c k s )
** ( 0 .1 2 6 6 3  f t  f o r  32 g r i d  b l o c k s  o r  0 .2 5 3 2 5  f t  f o r  16)
*★ * d i  *con 0 . 2 8 7 0 8  *dj *con  0 .2 8 7 0 8  *dk *con  0 .0 6 3 3 1  
* d i  *con 0 .2 8 7 0 8  *dj *con 0 .2 8 7 0 8  *dk *con 0 .0 4 2 2 0 8 3  
** * d i  *con 0 .2 8 7 0 8  *dj *con 0 .2 8 7 0 8  *dk *con 0 . 0 3 1 6 6  
** FINER SAND IN THE COMBUSTION TUBE BED - 90% W150 & 10% CLAY 
** POROSITY 0 .4 2 5 2  
*por *con  0 .4 2 5 2  
* *  PERMEABILTY 616 mD
*perm i *con 616 *permj * e q u a l s i  *permk * e q u a l s i
♦ ro ck cp  3 5 . 0 2  
*cpc  4 . 0 6
♦ th c o n r  1 * thconw  0 . 3 6  * th c o n o  0 . 0 7 7  * th c o n g  0 .0 8 3 3
** ============== FLUID DEFINITIONS ======================
♦model 10 9 7 ** Number o f  n o n c o n d e n s ib l e  g a s e s  i s  numy-numx = 2
** Number o f  s o l i d  com ponents i s  ncomp-numy = 1 
** N2 & C02 s o l u b l e  i n  t h e  l i q u i d  p e t r o le u m  p h a se
** 02 & CO o n l y  t h e  g a s  p h a se  i n s o l u b l e  i n  t h e  l i q u i d  p e t r o le u m  p h a se
♦compname 'WATER' 'C21+'  
* *
*cmm
♦ p c r i t
♦ t c r i t
' C l l - 2 0 '  'C 6 -1 0 '
18 4 4 7 .5 3
3155 1 4 2 .8 3
7 0 5 .7  8 3 3 .1 1
2 1 8 .3 8
2 6 6 .4 0
8 2 5 .3 4
1 1 0 .2 9
3 8 2 .3 2
5 4 8 .2
C l - 5 ' ' C02 ‘ rN 2 ' 0 2 '
7 2 . 1 5  4 4 . 0 1
4 8 8 . 1  1 0 7 1 . 0
3 8 5 .4 7  8 7 . 5 6  ■
CO' 'COKE'
2 8 . 0 1  32 2 8 . 0 1
500 730 5 0 7 .5
2 3 2 .8 4  - 1 8 1 . 7 2  - 2 2 0 .7 8
**compnm
**
' H20 ' ' C21+' ' C l l - 2 0 ' 'C 6 -1 0 ' ' C l - 5 ' ' C 0 2 ' ' N2' ' 0 2 '  'CO' 'COKE
*avg 0 0 0 0 0 0 0 0 0
*bvg 0 0 0 0 0 0 0 0 0
♦ a v i s c 0 0 .1 3 2 6 8 3 0 .1 3 2 8 2 3 0 .1 5 2 2 9 6 0 .1 9 0 2 4 8 0 . 0 4 4 1 2 6 0 . 1 4 1 2 6 9
♦ b v i s c 0 1 4 7 8 .3 2 1 2 9 5 .3 2 8 5 2 .6 6 4 7 8 . 5 1 1 0 4 0 .5 4 1 6 2 .5 4
♦molden 0 0 .2 0 2 4 0 .2 0 0 0 0 .1 3 0 9 0 .0 4 8 1 0 .6 6 2 3 0 .6 9 4 4  * *  LBMOLE/FT3
*cp 0 3 . 9 e - 6 4 e - 6 4 . 5 e - 6 5 e - 6 7 e - 6 7 . 5 e - 6
* c t l 0 1 . 4 e - 4 1 . 4 9 6 e - 4 2 . 8 3 9 e -4 2 . 8 3 9 e - 4 2 . 8 3 9 e - 4 2 . 8 3 9 e - 4
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♦♦ CHEMICAL REACTION 1 - C r a c k in g :  C21+ ->  C1-C5 + Coke
♦compname 'WATER' 'C21+' ' C l l - 2 0 '  'C 6 - 1 0 '  ' C l - 5 '  'C02'
★ *
♦ s t o r e a c  0 1 0  0
♦ s t o p r o d  0 0 0 0
♦♦ * f r e q f a c  2 . 1 e 5  ♦ e a c t  10000  ♦ r e n t h  0 
** * f r e q f a c  2 . 1 e 5  ♦ e a c t  25000  ♦ r e n t h  0 
♦ f r e q f a c  2 . 1 e 5  * e a c t  28000  * r e n t h  0
3 .5 1 1 1 8
' N 2' '0 2 '  'CO' ' COKE'
1 4 :2 7 9 3
♦♦ CHEMICAL REACTION 2 - C r a c k in g :  C21+ ->  C11-C20 + Coke
♦compname 'WATER' 'C21+' ' C l l - 2 0 '  'C 6 -1 0 '  ' C l - 5 '  'C 02' 'N2'
* *
* s t o r e a c  0 1 0  0
* s t o p r o d  0 0 1 . 9 2 5 7 2  0
♦♦ ♦ f r e q f a c  2 . 0e5 ♦ e a c t  8000 * r e n t h  0 
♦♦ ♦ f r e q f a c  2 . 0e5  * e a c t  270 0 0  ♦ r e n t h  0 
* f r e q f a c  2 . 0 e 5  ♦ e a c t  29000  ♦ r e n t h  0
'  02 ' 'CO' 'COKE'
2 .2 6 7 8 9
♦♦ CHEMICAL REACTION 3 - C r a c k in g :  C21+ ->  C6-C10 + Coke 
*compname 'WATER' 'C21+' ' C l l - 2 0 '  'C 6 -1 0 '  ' C l - 5 '  'C02' 'N 2 ‘
**             ___
* s t o r e a c  0 1 0 0 0 0 0
♦ s t o p r o d  0 0 0 3 .1 2 5 7 7  0 0 0
’02 ' 'CO' ' COKE'
7 .5 5 9 6 3
♦ ♦ ♦ f r e q f a c  2 . 0 e 5  ♦ e a c t  7000  * r e n t h  0 
♦♦ * f r e q f a c  2 . 0 e 5  * e a c t  27000  ♦ r e n t h  0
♦ f r e q f a c  2 . 0e5  * e a c t  31000  * r e n t h  0
★  *  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
** CHEMICAL REACTION 4 - C r a c k in g :  C11-C20 ->  C6-C10 + Coke
** ♦compname 'WATER' 'C21+' ' C l l - 2 0 '  'C 6 -1 0 '  ' C l - 5 '  'C02'
**           ___
♦♦ * s t o r e a c  0 0 1 0 0 0
♦♦ ♦ s t o p r o d  0 0 0 1 .6 2 3 0 7  0 0
♦♦ ♦ f r e q f a c  2 . 0 e 5  ♦ e a c t  27000  ♦ r e n t h  0
★  *    -
♦♦ CHEMICAL REACTION 4 - C r a c k in g :  C11-C20 -> C2-C5 + Coke
' N2 '  ' 0 2 '  '
♦compname 'WATER' 'C21+'  
* *
' C l l - 2 0 '  'C 6 -1 0 ' C l - 5 1 ’ C 02' ' N2'
’CO' ’COKE'
2 .7 4 7 9 3
’0 2 '  'CO' ' COKE'
* s t o r e a c  0 0 1 0
♦ s t o p r o d  0 0 0 0
♦♦ * f r e q f a c  2 . 0e5  ♦ e a c t  5000 * r e n t h  0 
♦ f r e q f a c  2 . 0e5  * e a c t  27000 * r e n t h  0
0 0 
1 .8 2 3 3 1  0 6 .2 3 7 3 7
♦♦ CHEMICAL REACTION 5-  Heavy O i l  B u rn in g :  C21+ + 02 ->  H20 + CO/CO + e n e r g y
*compname 'WATER' 'C21+' ' C l l - 2 0 '  'C 6 - 1 0 '  ' C l - 5 '  'C02' 'N2'
★ *             ___
* s t o r e a c  0 1 0 0 0 0 0
* s t o p r o d  3 3 .2 6 2 4  0 0 0 0 . 0 0
** * f r e q f a c  l .O e lO  * e a c t  9500 * r e n t h  1 0 2 9 3 .9  
♦ f r e q f a c  3 . 0 2 0 e l 0  * e a c t  13500  * r e n t h  1 0 2 9 3 .9
’0 2 '  'CO' 'COKE'
3 2 .5 0 6 4  0 0
0 3 1 .7 5 0 4  0
** CHEMICAL REACTION 6-  Medium O i l  B u rn in g :  C11-C20 + 02 ->  H20 + CO + e n e r g y
♦compname 'WATER' 'C21+' ' C l l - 2 0 '  'C 6 -1 0 '  ' C l - 5 '  'C02' 'N2' ' 0 2 '  'CO' 'COKE'
**                 _____
♦ s t o r e a c  0 0 1 0 0 0
♦ s t o p r o d  1 6 .3 3 0 6  0 0 0 0 0
0 1 5 .8 2 0 2  0 0
0 0 1 5 .3 0 9 9  0
* *  * f r e q f a c  2 . 0 e l 0  * e a c t  8500 * r e n t h  4 9 2 0 .3  
♦ f r e q f a c  3 . 0 2 0 e l 0  ♦ e a c t  15500  ♦ r e n t h  4 9 2 0 .3  
* * --------------------------------------------------------------------------------------------------------------------------------
♦♦ CHEMICAL REACTION 7 -  L i g h t  O i l  B u r n in g :  C6-C10 + 02  ->  H20 + CO + e n e r g y  
♦compname 'WATER' 'C21+' ' C l l - 2 0 '  'C 6 - 1 0 '  ' C l - 5 '  'C 02' 'N2' ' 0 2 '  'CO' 'COKE'
**                   ___
♦ s t o r e a c  0 0 0 1 0
♦ s t o p r o d  8 . 7 0 7 1 1  0 0 0 0
♦♦ ♦ f r e q f a c  8 . 0e9 ♦ e a c t  8000  ♦ r e n t h  2 4 2 0 .2  
♦ f r e q f a c  3 . 0 2 0 e l 0  ♦ e a c t  15500  ♦ r e n t h  2 4 2 0 .2
8 . 2 2 3 3 8  0
0 7 .7 3 9 6 5
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♦♦ CHEMICAL REACTION 8-  Hydrocarbon Gas B ur ni ng:  C1-C5 + 02 -> H20 + CO + e n e r g y
♦compname 'WATER' 'C21+'  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C l - 5 '  'C02'  'N2'  ' 0 2 '  'CO' 'COKE'
**                   ____
♦ s t o r e a c  0 0 0 0 1
♦ s t o p r o d  6 . 2 1 9 8 3  0 0 0 0
♦♦ ♦ f r e q f a c  7 . 0e9 ♦ e a c t  7000  ♦ r e n t h  1 4 6 3 . 4  
♦ f r e q f a c  3 . 0 2 0 e l 0  ♦ e a c t  150 00  ♦ r e n t h  1 4 6 3 . 4
5 . 5 9 7 8 4  0 0
0 4 . 9 7 5 8 6  0
♦♦ CHEMICAL REACTION 9-  Coke Bu rn in g :  Coke + 02 -> H20 + C02 + e n e r g y
♦compname 'WATER' 'C21+'  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C l - 5 '  ' C02'  'N2'  ' 0 2 '  'CO' 'COKE'
★ * ___
♦ s t o r e a c  0 0 0 0 0 0 0 1 . 4  0
♦ s t o p r o d  0 . 8 0  0 0 0 1 0  0 0
♦ f r e q f a c  3 . 0e5 ♦ e a c t  5500 ♦ r e n t h  4 6 1 . 3
♦♦ CHEMICAL REACTION ♦♦ - Gas b u r n i n g :  CH4 + 202 -> 2H20 + C02 + e n e r g y  
♦♦ ♦compname 'WATER' 'C21+'  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C l - 5 '  'C02'  'N2'  ' 0 2 '  'CO' 'COKE'
**                   ____
♦♦ ♦ s t o r e a c  0 0 0 0 1 0 0 2 0 0
♦♦ ♦ s t o p r o d  2 0 0 0 0 1 0 0 0 0
♦♦ ♦ f r e q f a c  3 . 0 2 0 e l 0
♦♦ ♦ e a c t  59450
♦♦ ♦ r e n t h  5 0 2 . 5 3 3  ♦♦ R e a c t i o n  E n t h a l p y  BTU/ lbmol e
♦♦ CHEMICAL REACTION 10 - Carbon Monoxi de  b u r n i n g :  
♦compname 'WATER' 'C21+'  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C l - 5 '
CO + 0 . 5  02  
’C02' ' N2'
■> C02 + e n e r g y  
0 2 '  'CO' 'COKE'
♦ s t o r e a c  0 0
♦ s t o p r o d  0 0
♦ f r e q f a c  1 . 5 e 5
♦♦ ♦ f r e q f a c  8 .0 64 E8  
♦ e a c t  3250
♦ r e n t h  2 . 8 3 8 E 5
0 . 5
0
♦ s o l d e n  4 . 4
♦♦ Pse udo co mponent  K v a l u e  t a b l e s  f o r  p r e s s u r e s  500 p s i  & 6500 p s i  100 F t o  1300 F be  
100 de g  i n t e r v a l s  
♦ k v t a b l i m  500 3250 100 1300
♦ k v t a b l e  
3 . 0 0 0 E - 0 7  
6 . 001E-08  
1 . 188E- 05  
2 . 3 7 7 E - 0 6  
1 . 7 8 8 E - 0 4  
3 . 5 7 6 E - 0 5  
1 . 432E-03  
2 . 8 6 3 E - 0 4  
7 . 4 3 3 E - 03 
1 . 487E- 03  
2 . 8 2 8 E - 0 2  
5 . 656E-03  
8 . 5 4 6 E - 0 2  
1 . 7 0 9 E - 0 2  
2 . 1 6 7 E - 0 1  
4 . 3 3 4 E - 0 2  
4 . 7 91 E - 0 1  
9 . 5 8 3 E - 0 2  
9 . 5 0 3 E - 0 1  
1 . 901E- 01  
1
♦♦ K v a l u e  t a b l e  f o r  C21+ 
2 . 0 0 0 E - 0 7  1 . 5 0 0 E - 0 7  1 . 2 0 0 E - 0 7
5 . 0 0 0 E - 0 8  
942E- 06  
981E-06  
939E- 05  
980E- 05  
7 . 1 5 9 E - 0 4  
2 . 3 8 6 E - 0 4  
3 . 7 1 6 E - 0 3  
1 . 2 3 9 E - 0 3  
1 . 4 1 4 E - 0 2  
4 . 714 E-03  
4 . 2 73E- 02  
1 . 4 2 4 E - 0 2  
1 . 0 83E- 01  
3 . 6 1 1 E - 0 2  
2 . 3 9 6 E - 0 1  
7 . 986E- 02  
4 . 7 5 2 E - 0 1  
1 . 5 8 4 E - 0 1  
01 6 . 9 0 6 E
2 . 877 E- 01
5 . 4 5 5 E - 0 8  
7 . 9 2 3 E - 0 6  
2 . 1 6 1 E - 0 6  
1 . 1 9 2 E - 0 4  





1 . 8 8 5 E - 0 2  
5 . 1 4 2 E - 0 3  
5 . 6 9 8 E - 0 2  
1 . 5 5 4 E - 0 2  
1 . 445 E- 0 1  
3 . 940E- 02  
3 . 1 9 4 E - 0 1  
8 . 71 2E- 02  
6 . 3 3 6 E - 0 1  
1 . 7 28E- 01  
726 1 . 1 5 1  8 . 6 3 2E
4 53 E- 01  3 . 13 9E- 01
91886 1 . 9 4 5 9 1  1 . 4 5 9  1 . 1 6 8  
307 E- 0 1  4 . 8 6 5 E - 0 1  4 . 4 9 1 E - 0 1
64887 3 . 0 9 9 2 5  2 . 3 2 4 4 3  1 . 8 6 0
4 . 616 E-08  
4 . 7 54E- 06  
1 . 828E- 06  
7 . 1 5 1 E - 05 
2 . 7 5 0 E - 0 5  
5 . 727E- 04  
2 . 203E- 04  
973E- 03  
1 44E- 03  
131 E- 02  
351E- 03  
3 . 4 1 9 E - 0 2  
1 . 3 1 5 E - 0 2  
8 . 6 6 7 E - 02 
334 E- 02  
917 E- 0 1  
371 E- 02  
80 1E- 01  
4 62 E- 01  
5 . 75 5 E-
1 . 0 0 0 E - 0 7
3 . 961E- 06
5 . 959 E-05
4 . 7 7 2 E - 04
2 . 478 E-03
9 . 427E- 03
2 . 8 4 9 E - 0 2
7 . 2 2 3 E - 0 2
1 . 5 97E- 01
3 . 1 6 8 E - 0 1
01 4 . 9 3 3 E -
2 . 6 5 6 E - 0 1
9 . 7 3 0 E - 0 1 8 . 3 4 0 E - 0 1
1 . 5 5 0  1 . 3 2 8  1 . 1 6 2
8 . 5 7 2 E - 0 8  7 . 5 0 1 E - 0 8  6 . 6 6 7 E - 0 8
3 . 3 9 6 E - 0 6  2 . 9 7 1 E - 0 6  2 . 6 4 1 E - 0 6
5 . 1 0 8 E - 0 5  4 . 4 7 0 E - 0 5  3 . 9 7 3 E - 0 5
4 . 0 9 1 E - 0 4  3 . 5 7 9 E - 0 4  3 . 1 8 2 E - 0 4
2 . 124E-03 1 . 8 5 8 E - 0 3  1 . 6 5 2 E - 0 3
8 . 0 8 0 E - 0 3  7 . 0 7 0 E - 0 3  6 . 2 8 5 E - 0 3
2 . 4 4 2 E - 0 2  2 . 1 3 7 E - 0 2  1 . 8 9 9 E - 0 2
6 . 191E- 02  5 . 4 1 7 E - 0 2  4 . 8 1 5 E - 0 2
1 . 3 6 9 E - 0 1  1 . 1 9 8 E - 0 1  1 . 0 6 5 E - 0 1
2 . 7 1 5 E - 0 1  2 . 3 7 6 E - 0 1  2 . 1 1 2 E - 0 1
01 4 . 3 1 6 E - 0 1  3 . 8 3 7 E - 0 1
. 297 E-01  6 . 4 86 E - 0 1  5 . 8 3 8 E - 0 1
1 . 0 3 3  9 . 2 9 8E - 01  8 . 4 5 2 E - 0 1
7 . 7 4 8 E - 0 1  7 . 15 2E- 01
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♦ k v t a b l e  3 ** K v a l u e  t a b l e  f o r  C11-C20
9 . 4 6 4 E- 0 9  6 . 30 9E- 09  4 . 7 3 2 E - 0 9  3 . 7 8 6 E - 0 9  3 . 1 5 5 E - 0 9  2 . 7 0 4 E - 0 9  2 . 3 6 6 E - 0 9  2 . 1 0 3 E - 0 9
1 . 8 9 3 E - 0 9  1 . 721E- 09  1 . 5 7 7 E - 0 9  1 . 4 5 6 E - 0 9
1 . 1 4 0 E - 0 6  7 . 6 0 2 E - 07 5 . 7 0 1 E - 0 7  4 . 5 6 1 E - 0 7  3 . 8 0 1 E - 0 7  3 . 2 5 8 E - 0 7  2 . 8 5 1 E - 0 7  2 . 5 3 4 E - 0 7  
2 . 28 1E- 07  2 . 0 7 3 E - 0 7  1 . 9 0 0 E - 0 7  1 . 7 5 4 E - 0 7
3 . 8 9 4 E - 0 5  2 . 5 9 6 E - 0 5  1 . 9 4 7 E - 0 5  1 . 5 5 7 E - 0 5  1 . 2 9 8 E - 0 5  1 . 1 1 2 E - 0 5  9 . 7 3 4 E - 0 6  8 . 6 5 2 E - 0 6
7 . 7 8 7 E - 0 6  7 . 0 7 9 E - 0 6  6 . 4 8 9 E - 0 6  5 . 9 9 0 E - 0 6
5 . 8 4 9 E - 0 4  3 . 8 9 9 E - 0 4  2 . 9 2 5 E - 0 4  2 . 3 4 0 E - 0 4  1 . 9 5 0 E - 0 4  1 . 6 7 1 E - 0 4  1 . 4 6 2 E - 0 4  1 . 3 0 0 E - 0 4
1 . 17 0E- 04  1 . 0 6 3 E - 0 4  9 . 7 4 9 E - 0 5  8 . 9 9 9 E - 0 5
4 . 9 97 E- 03  3 . 3 3 1 E - 0 3  2 . 4 9 8 E - 0 3  1 . 9 9 9 E - 0 3  1 . 6 6 6 E - 0 3  1 . 4 2 8 E - 0 3  1 . 2 4 9 E - 0 3  1 . 1 1 0 E - 0 3
9 . 99 3E- 04  9 . 0 8 5 E - 0 4  8 . 3 2 8 E - 0 4  7 . 6 8 7 E - 0 4
2 . 8 4 8 E - 0 2  1 . 8 9 8 E - 0 2  1 . 4 2 4 E - 0 2  1 . 1 3 9 E - 0 2  9 . 4 9 2 E - 0 3  8 . 1 3 6 E - 0 3  7 . 1 1 9 E - 0 3  6 . 3 2 8 E - 0 3
5 . 695E- 03  5 . 1 7 8 E - 0 3  4 . 7 4 6 E - 0 3  4 . 3 8 1 E - 0 3
1 . 2 0 2 E - 0 1  8 . 0 1 5 E - 0 2  6 . 0 1 1 E - 0 2  4 . 8 0 9 E - 0 2  4 . 0 0 8 E - 0 2  3 . 4 3 5 E - 0 2  3 . 0 0 6 E - 0 2  2 . 6 7 2 E - 0 2
2 . 4 0 5 E - 0 2  2 . 1 8 6 E - 0 2  2 . 0 0 4 E - 0 2  1 . 8 5 0 E - 0 2
4 . 0 3 8 E - 0 1  2 . 6 9 2 E- 0 1  2 . 0 1 9 E - 0 1  1 . 6 1 5 E - 0 1  1 . 3 4 6 E - 0 1  1 . 1 5 4 E - 0 1  1 . 0 1 0 E - 0 1  8 . 9 7 4 E - 0 2
8 . 0 7 7 E - 0 2  7 . 3 4 3 E - 0 2  6 . 7 3 1 E - 0 2  6 . 2 1 3 E - 0 2
1 . 1 3 5 1 4  7 . 5 6 8 E - 0 1  5 . 6 7 6 E - 0 1  4 . 5 4 1 E - 0 1  3 . 7 8 4 E - 0 1  3 . 2 4 3 E - 0 1  2 . 8 3 8 E - 0 1  2 . 5 2 3 E - 0 1  2 . 2 7 0 E -  
01 2 . 0 6 4 E - 0 1  1 . 8 92 E- 01  1 . 7 4 6 E - 0 1
2 . 7 6 9 4 8  1 . 8 4 6 3 2  1 . 3 8 4 7 4  1 . 1 0 7 7 9  9 . 2 3 2 E - 0 1  7 . 9 1 3 E - 0 1  6 . 9 2 4 E - 0 1  6 . 1 5 4 E - 0 1  5 . 5 3 9 E - 0 1  
5 . 0 3 5 E - 0 1  4 . 6 1 6 E - 0 1  4 . 2 6 1 E - 0 1
6 . 0 2 6 8 0  4 . 0 1 7 8 6  3 . 0 1 3 4 0  2 . 4 1 0 7 2  2 . 0 0 8 9 3  1 . 7 2 1 9 4  1 . 5 0 6 7 0  1 . 3 3 9 2 9  1 . 2 0 5 3 6  1 . 0 9 5 7 8
1 . 0 0 4 4 7  9 . 27 2E- 01
1 . 194E+01 7 . 9 6 1 5 6  5 . 9 7 1 1 7  4 . 7 7 6 9 4  3 . 9 8 0 7 8  3 . 4 1 2 1 0  2 . 9 8 5 5 9  2 . 6 5 3 8 5  2 . 3 8 8 4 7  2 . 1 7 1 3 4
1 . 9 9 0 3 9  1 . 8 3 7 2 8
2 . 189E+01 1 . 460E+01 1 . 0 9 5E +0 1  8 . 7 5 7 9 5  7 . 2 9 8 2 9  6 . 2 5 5 6 8  5 . 4 7 3 7 2  4 . 8 6 5 5 3  4 . 3 7 8 9 7
3 . 9 8 0 8 9  3 . 6 4 9 1 5  3 . 3 6 8 4 4
* k v t a b l e  4 * *  K v a l u e  t a b l e  f o r  C6-10
5 . 8 5 0 4 E - 0 6  3 . 9 0 0 2 E - 0 6  2 . 9 2 5 2 E - 0 6  2 . 3 4 E - 0 6  1 . 9 5 E - 0 6  1 . 6 7 1 5 E - 0 6  1 . 4 6 2 6 E - 0 6  1 . 3 E - 0 6  
1 . 1 7 0 1 E - 0 6  1 . 0 6 3 7 E - 0 6  9 . 7 5 0 6 E - 0 7  9 . 0 E - 0 7
0 . 0 0 0 3 2 4 0 . 0 0 0 2 1 6 0 . 0 0 0 1 6 2 0 . 0 0 0 1 3 0 0 . 0 0 0 1 0 8 0 . 0 0 0 0 9 3 0 . 0 0 0 0 8 1 0 . 0 0 0 0 7 2
0 . 0 0 0 0 6 5 0 . 0 0 0 0 5 9 0 . 0 0 0 0 5 4 0 . 0 0 0 0 5 0
0 . 0 0 6 2 4 9 0 . 0 0 4 1 6 6 0 . 0 0 3 1 2 4 0 . 0 0 2 5 0 0 0 . 0 0 2 0 8 3 0 . 0 0 1 7 8 5 0 . 0 0 1 5 6 2 0 . 0 0 1 3 8 9
0 . 0 0 1 2 5 0 0 . 0 0 1 1 3 6 0 . 0 0 1 0 4 1 0 . 0 0 0 9 6 1
0 . 0 6 0 5 1 7 0 . 0 4 0 3 4 4 0 . 0 3 0 2 5 8 0 . 0 2 4 2 0 7 0 . 0 2 0 1 7 2 0 . 0 1 7 2 9 0 0 . 0 1 5 1 2 9 0 . 0 1 3 4 4 8
0 . 0 1 2 1 0 3 0 . 0 1 1 0 0 3 0 . 0 1 0 0 8 6 0 . 0 0 9 3 1 0
0 . 3 6 5 1 8 1 0 . 2 4 3 4 5 4 0 . 1 8 2 5 9 0 0 . 1 4 6 0 7 2 0 . 1 2 1 7 2 7 0 . 1 0 4 3 3 7 0 . 0 9 1 2 9 5 0 . 0 8 1 1 5 1
0 . 0 7 3 0 3 6 0 . 0 6 6 3 9 7 0 . 0 6 0 8 6 3 0 . 0 5 6 1 8 2
1 . 5 6 9 8 3 1 1 . 0 4 6 5 5 4 0 . 7 8 4 9 1 6 0 . 6 2 7 9 3 2 0 . 5 2 3 2 7 7 0 . 4 4 8 5 2 3 0 . 3 9 2 4 5 8 0 . 3 4 8 8 5 1
0 . 3 1 3 9 6 6 0 . 2 8 5 4 2 4 0 . 2 6 1 6 3 9 0 . 2 4 1 5 1 2
5 . 2 4 8 1  3 . 4 9 8 7  2 . 6 2 4 0  2 . 0 9 9 2  1 . 7 4 9 4  1 . 4 9 9 5  1 . 3 1 2 0  1 . 1 6 6 2  1 . 0 4 9 6  0 . 9 5 4 2  0 . 8 7 4 7
0 . 8 0 7 4
1 4 . 4 8 6 0  9 . 6 5 7 4  7 . 2 4 3 0  5 . 7 9 4 4  4 . 8 2 8 7  4 . 1 3 8 9  3 . 6 2 1 5  3 . 2 1 9 1  2 . 8 9 7 2  2 . 6 3 3 8  2 . 4 1 4 3  2 . 2 2 8 6
3 4 . 4 3 9 3  2 2 . 9 5 9 5  1 7 . 2 1 9 6  1 3 . 7 7 5 7  1 1 . 4 7 9 8  9 . 8 3 9 8  8 . 6 0 9 8  7 . 6 5 3 2  6 . 8 8 7 9  6 . 2 6 1 7  5 . 7 3 9 9
5 . 2 9 8 3
7 2 . 7 1 7 1  4 8 . 4 7 8 1  3 6 . 3 5 8 5  2 9 . 0 8 6 8  2 4 . 2 3 9 0  2 0 . 7 7 6 3  1 8 . 1 7 9 3  1 6 . 1 5 9 4  1 4 . 5 4 3 4  1 3 . 2 2 1 3
1 2 . 1 1 9 5  1 1 . 1 8 7 2
1 3 9 . 5 1 0 3  9 3 . 0 0 6 8  6 9 . 7 5 5 1  5 5 . 8 0 4 1  4 6 . 5 0 3 4  3 9 . 8 6 0 1  3 4 . 8 7 7 6  3 1 . 0 0 2 3  2 7 . 9 0 2 1  2 5 . 3 6 5 5
2 3 . 2 5 1 7  2 1 . 4 6 3 1
2 4 7 . 4 4 7 5  1 6 4 . 9 6 5 0  1 2 3 . 7 2 3 8  9 8 . 9 7 9 0  8 2 . 4 8 2 5  7 0 . 6 9 9 3  6 1 . 8 6 1 9  5 4 . 9 8 8 3  4 9 . 4 8 9 5  4 4 . 9 9 0 5
4 1 . 2 4 1 3  3 8 . 0 6 8 8
4 1 1 . 2 2 4  2 7 4 . 1 4 9 4  2 0 5 . 6 1 2  1 6 4 . 4 8 9 6  1 3 7 . 0 7 4 7  1 1 7 . 4 9 2 6  1 0 2 . 8 0 6  9 1 . 3 8 3  8 2 . 2 4 4 8  7 4 . 7 6 8
6 8 . 5 3 7 3  6 3 . 2 6 5 2
* k v t a b l e  5 ** K v a l u e  t a b l e  f o r  C l - 5
6 . 3 1 2 2 E - 0 6  4 . 208 1E- 06  3 . 1 5 6 E - 0 6  2 . 5 2 4 9 E - 0 6  2 . 1 0 4 E - 0 6  1 . 8 0 3 5 E - 0 6  1 . 5 7 8 E - 0 6  1 . 4 0 2 7 E - 0 6  
1 . 2 6 2 4 E - 0 6  1 . 1 4 7 7 E - 0 6  1 . 0 5 2 E - 0 6  9 . 7 1 1 E - 0 7
1 . 3 4 6 E - 03 8 . 9 7 3 3 E - 0 4  6 . 7 3 E - 0 4  5 . 3 8 4 E - 0 4  4 . 4 8 6 6 E - 0 4  3 . 8 4 5 7 E - 0 4  3 . 3 6 5 E - 0 4  2 . 9 9 1 E - 0 4  
2 . 692E- 04  2 . 4 4 7 3 E - 0 4  2 . 2 4 3 3 E - 0 4  2 . 0 7 0 8 E - 0 4
0 . 0 7 0 0  0 . 0 4 6 7  0 . 0 3 5 0  0 . 0 2 8 0  0 . 0 2 3 3  0 . 0 2 0 0  0 . 0 1 7 5  0 . 0 1 5 6  0 . 0 1 4 0  0 . 0 1 2 7  0 . 0 1 1 7
0 . 0 1 0 8
1 . 4 5 2 0  0 . 9 6 8 0  0 . 7 2 6 0  0 . 5 8 0 8  0 . 4 8 4 0  0 . 4 1 4 9  0 . 3 6 3 0  0 . 3 2 2 7  0 . 2 9 0 4  0 . 2 6 4 0  0 . 2 4 2 0
0 . 2 2 3 4
1 6 . 0 1 6 0  1 0 . 6 7 7 3  8 . 0 0 8 0  6 . 4 0 6 4  5 . 3 3 8 7  4 . 5 7 6 0  4 . 0 0 4 0  3 . 5 5 9 1  3 . 2 0 3 2  2 . 9 1 2 0
2 . 6 6 9 3  2 . 4 6 4 0
1 1 2 . 3 0 8 8  7 4 . 8 7 2 5  5 6 . 1 5 4 4  4 4 . 9 2 3 5  3 7 . 4 3 6 3  3 2 . 0 8 8 2  2 8 . 0 7 7 2  2 4 . 9 5 7 5  2 2 . 4 6 1 8
2 0 . 4 1 9 8  1 8 . 7 1 8 1  1 7 . 2 7 8 3
5 6 2 . 9 0 6 7  3 7 5 . 2 7 1 1  2 8 1 . 4 5 3 3  2 2 5 . 1 6 2 7  1 8 7 . 6 3 5 6  1 6 0 . 8 3 0 5  1 4 0 . 7 2 6 7  1 2 5 . 0 9 0 4
1 1 2 . 5 8 1 3  1 0 2 . 3 4 6 7  9 3 . 8 1 7 8  8 6 . 6 0 1 0
2 1 8 4 . 4 6 1 5  1 4 5 6 . 3 0 7 6  1 0 9 2 . 2 3 0 7  8 7 3 . 7 8 4 6  7 2 8 . 1 5 3 8  6 2 4 . 1 3 1 8  5 4 6 . 1 1 5 4  4 8 5 . 4 3 5 9
4 3 6 . 8 9 2 3  3 9 7 . 1 7 4 8  3 6 4 . 0 7 6 9  3 3 6 . 0 7 1 0
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6 9 4 4 . 6 1 6 4  4 6 2 9 . 7 4 4 3  3 4 7 2 . 3 0 8 2  2 7 7 7 . 8 4 6 6  2 3 1 4 . 8 7 2 1  1 9 8 4 . 1 7 6 1  1 7 3 6 . 1 5 4 1  1 5 4 3 . 2 4 8 1
1 3 8 8 . 9 2 3 3  1 2 6 2 . 6 5 7 5  1 1 5 7 . 4 3 6 1  1 0 6 8 . 4 0 2 5
1 8 8 4 2 . 7 1 0 9  1 2 5 6 1 . 8 0 7 3  9 4 2 1 . 3 5 5 4  7 5 3 7 . 0 8 4 4  6 2 8 0 . 9 0 3 6  5 3 8 3 . 6 3 1 7  4 7 1 0 . 6 7 7 7
4 1 8 7 . 2 6 9 1  3 7 6 8 . 5 4 2 2  3 4 2 5 . 9 4 7 4  3 1 4 0 . 4 5 1 8  2 8 9 8 . 8 7 8 6
4 4 9 8 4 . 4 2 8 7  2 9 9 8 9 . 6 1 9  2 2 4 9 2 . 2 1 4 4  1 7 9 9 3 . 7 7 1 5  1 4 9 9 4 . 8 0 9 6  1 2 8 5 2 . 6 9 3 9  1 1 2 4 6 . 1 0 7  9 9 9 6 . 5 3 9 7
8 9 9 6 . 8 8 5 7  8 1 7 8 . 9 8 7  7 4 9 7 . 4 0 4 8  6 9 2 0 . 6 8 1 3
9 6 7 0 4 . 9 3 6 9  6 4 4 6 9 . 9 5 8  4 8 3 5 2 . 4 6 8 5  3 8 6 8 1 . 9 7 4 8  3 2 2 3 4 . 9 7 9  2 7 6 2 9 . 9 8 2  2 4 1 7 6 . 2 3 4  2 1 4 8 9 . 9 8 6
1 9 3 4 0 . 9 8 7 4  1 7 5 8 2 . 7 1 5 8  1 6 1 1 7 . 4 8 9 5  1 4 8 7 7 . 6 8 2 6
1 9 0 5 7 4 . 1 0 8 4  1 2 7 0 4 9 . 4 0 5 6  9 5 2 8 7 . 0 5 4 2  7 6 2 2 9 . 6 4 3 4  6 3 5 2 4 . 7 0 2 8  5 4 4 4 9 . 7 4 5  4 7 6 4 3 . 5 2 7
4 2 3 4 9 . 8 0 1 9  3 8 1 1 4 . 8 2 1 7  3 4 6 4 9 . 8 3 7 9  3 1 7 6 2 . 3 5 1 4  2 9 3 1 9 . 0 9 3 6  
* k v t a b l e  6 ** K v a l u e  t a b l e  f o r  C02
2 . 4 9 1 4  1 . 6 6 0 9  1 . 2 4 5 7  0 . 9 9 6 6  0 . 8 3 0 5  0 . 7 1 1 8  0 . 6 2 2 9  0 . 5 5 3 6  0 . 4 9 8 3  0 . 4 5 3 0  0 . 4 1 5 2
0 . 3 8 3 3
6 . 8 2 4 9  4 . 5 5 0 0  3 . 4 1 2 5  2 . 7 3 0 0  2 . 2 7 5 0  1 . 9 5 0 0  1 . 7 0 6 2  1 . 5 1 6 7  1 . 3 6 5 0  1 . 2 4 0 9  1 . 1 3 7 5
I . 0 5 0 0
1 4 . 3 4 1 1  9 . 5 6 0 7  7 . 1 7 0 5  5 . 7 3 6 4  4 . 7 8 0 4  4 . 0 9 7 5  3 . 5 8 5 3  3 . 1 8 6 9  2 . 8 6 8 2  2 . 6 0 7 5
2 . 3 9 0 2  2 . 2 0 6 3
2 5 . 3 5 5 3  1 6 . 9 0 3 5  2 . 6 7 7 6  1 0 . 1 4 2 1  8 . 4 5 1 8  7 . 2 4 4 4  6 . 3 3 8 8  5 . 6 3 4 5  5 . 0 7 1 1  4 . 6 1 0 1
4 . 2 2 5 9  3 . 9 0 0 8
3 9 . 8 1 0 3  2 6 . 5 4 0 2  1 9 . 9 0 5 2  1 5 . 9 2 4 1  1 3 . 2 7 0 1  1 1 . 3 7 4 4  9 . 9 5 2 6  8 . 8 4 6 7  7 . 9 6 2 1  7 . 2 3 8 2
6 . 6 3 5 1  6 . 1 2 4 7
5 7 . 4 0 5 7  3 8 . 2 7 0 5  2 8 . 7 0 2 9  2 2 . 9 6 2 3  1 9 . 1 3 5 2  1 6 . 4 0 1 6  1 4 . 3 5 1 4  1 2 . 7 5 6 8  1 1 . 4 8 1 1
1 0 . 4 3 7 4  9 . 5 6 7 6  8 . 8 3 1 7
7 7 . 7 1 5 6  5 1 . 8 1 0 4  3 8 . 8 5 7 8  3 1 . 0 8 6 2  2 5 . 9 0 5 2  2 2 . 2 0 4 5  1 9 . 4 2 8 9  1 7 . 2 7 0 1  1 5 . 5 4 3 1
1 4 . 1 3 0 1  1 2 . 9 5 2 6  1 1 . 9 5 6 2
1 0 0 . 2 7 2 0  6 6 . 8 4 8 0  5 0 . 1 3 6 0  4 0 . 1 0 8 8  3 3 . 4 2 4 0  2 8 . 6 4 9 1  2 5 . 0 6 8 0  2 2 . 2 8 2 7  2 0 . 0 5 4 4
1 8 . 2 3 1 3  1 6 . 7 1 2 0  1 5 . 4 2 6 5
1 2 4 . 6 1 6 6  8 3 . 0 7 7 7  6 2 . 3 0 8 3  4 9 . 8 4 6 6  4 1 . 5 3 8 9  3 5 . 6 0 4 7  3 1 . 1 5 4 1  2 7 . 6 9 2 6  2 4 . 9 2 3 3
2 2 . 6 5 7 6  2 0 . 7 6 9 4  1 9 . 1 7 1 8
1 5 0 . 3 2 8 4  1 0 0 . 2 1 8 9  7 5 . 1 6 4 2  6 0 . 1 3 1 4  5 0 . 1 0 9 5  4 2 . 9 5 1 0  3 7 . 5 8 2 1  3 3 . 4 0 6 3  3 0 . 0 6 5 7
2 7 . 3 3 2 4  2 5 . 0 5 4 7  2 3 . 1 2 7 4
1 7 7 . 0 3 6 2  1 1 8 . 0 2 4 1  8 8 . 5 1 8 1  7 0 . 8 1 4 5  5 9 . 0 1 2 1  5 0 . 5 8 1 8  4 4 . 2 5 9 0  3 9 . 3 4 1 4  3 5 . 4 0 7 2
3 2 . 1 8 8 4  2 9 . 5 0 6 0  2 7 . 2 3 6 3
2 0 4 . 4 2 1 4  1 3 6 . 2 8 0 9  1 0 2 . 2 1 0 7  8 1 . 7 6 8 5  6 8 . 1 4 0 5  5 8 . 4 0 6 1  5 1 . 1 0 5 3  4 5 . 4 2 7 0  4 0 . 8 8 4 3
3 7 . 1 6 7 5  3 4 . 0 7 0 2  3 1 . 4 4 9 4
2 3 2 . 2 1 6 1  1 5 4 . 8 1 0 7  1 1 6 . 1 0 8 0  9 2 . 8 8 6 4  7 7 . 4 0 5 4  6 6 . 3 4 7 5  5 8 . 0 5 4 0  5 1 . 6 0 3 6  4 6 . 4 4 3 2
4 2 . 2 2 1 1  3 8 . 7 0 2 7  3 5 . 7 2 5 6
* k v t a b l e  7 ** K v a l u e  t a b l e  f o r  N2
2 7 . 0 1 8 8  1 8 . 0 1 2 5  1 3 . 5 0 9 4  1 0 . 8 0 7 5  9 . 0 0 6 3  7 . 7 1 9 7  6 . 7 5 4 7  6 . 0 0 4 2  5 . 4 0 3 8  4 . 9 1 2 5  4 . 5 0 3 1
4 . 1 5 6 7
3 8 . 0 4 8 3  2 5 . 3 6 5 5  1 9 . 0 2 4 1  1 5 . 2 1 9 3  1 2 . 6 8 2 8  1 0 . 8 7 0 9  9 . 5 1 2 1  8 . 4 5 5 2  7 . 6 0 9 7  6 . 9 1 7 9  6 . 3 4 1 4
5 . 8 5 3 6
4 8 . 9 6 4 5  3 2 . 6 4 3 0  2 4 . 4 8 2 2  1 9 . 5 8 5 8  1 6 . 3 2 1 5  1 3 . 9 8 9 8  1 2 . 2 4 1 1  1 0 . 8 8 1 0  9 . 7 9 2 9  8 . 9 0 2 6  8 . 1 6 0 7
7 . 5 3 3 0
5 9 . 4 2 2 5  3 9 . 6 1 5 0  2 9 . 7 1 1 3  2 3 . 7 6 9 0  1 9 . 8 0 7 5  1 6 . 9 7 7 9  1 4 . 8 5 5 6  1 3 . 2 0 5 0  1 1 . 8 8 4 5  1 0 . 8 0 4 1  9 . 9 0 3 8
9 . 1 4 1 9
6 9 . 2 6 3 8  4 6 . 1 7 5 9  3 4 . 6 3 1 9  2 7 . 7 0 5 5  2 3 . 0 8 7 9  1 9 . 7 8 9 7  1 7 . 3 1 6 0  1 5 . 3 9 2 0  1 3 . 8 5 2 8  1 2 . 5 9 3 4
I I . 5 4 4 0  1 0 . 6 5 6 0
7 8 . 4 3 4 0  5 2 . 2 8 9 3  3 9 . 2 1 7 0  3 1 . 3 7 3 6  2 6 . 1 4 4 7  2 2 . 4 0 9 7  1 9 . 6 0 8 5  1 7 . 4 2 9 8  1 5 . 6 8 6 8  1 4 . 2 6 0 7
1 3 . 0 7 2 3  1 2 . 0 6 6 8
8 6 . 9 3 4 5  5 7 . 9 5 6 3  4 3 . 4 6 7 2  3 4 . 7 7 3 8  2 8 . 9 7 8 2  2 4 . 8 3 8 4  2 1 . 7 3 3 6  1 9 . 3 1 8 8  1 7 . 3 8 6 9  1 5 . 8 0 6 3
1 4 . 4 8 9 1  1 3 . 3 7 4 5
9 4 . 7 9 5 2  6 3 . 1 9 6 8  4 7 . 3 9 7 6  3 7 . 9 1 8 1  3 1 . 5 9 8 4  2 7 . 0 8 4 3  2 3 . 6 9 8 8  2 1 . 0 6 5 6  1 8 . 9 5 9 0  1 7 . 2 3 5 5
1 5 . 7 9 9 2  1 4 . 5 8 3 9
1 0 2 . 0 5 9 2  6 8 . 0 3 9 5  5 1 . 0 2 9 6  4 0 . 8 2 3 7  3 4 . 0 1 9 7  2 9 . 1 5 9 8  2 5 . 5 1 4 8  2 2 . 6 7 9 8  2 0 . 4 1 1 8
1 8 . 5 5 6 2  1 7 . 0 0 9 9  1 5 . 7 0 1 4
1 0 8 . 7 7 4 1  7 2 . 5 1 6 1  5 4 . 3 8 7 1  4 3 . 5 0 9 7  3 6 . 2 5 8 0  3 1 . 0 7 8 3  2 7 . 1 9 3 5  2 4 . 1 7 2 0  2 1 . 7 5 4 8
1 9 . 7 7 7 1  1 8 . 1 2 9 0  1 6 . 7 3 4 5
1 1 4 . 9 8 7 6  7 6 . 6 5 8 4  5 7 . 4 9 3 8  4 5 . 9 9 5 1  3 8 . 3 2 9 2  3 2 . 8 5 3 6  2 8 . 7 4 6 9  2 5 . 5 5 2 8  2 2 . 9 9 7 5
2 0 . 9 0 6 8  1 9 . 1 6 4 6  1 7 . 6 9 0 4
1 2 0 . 7 4 5 2  8 0 . 4 9 6 8  6 0 . 3 7 2 6  4 8 . 2 9 8 1  4 0 . 2 4 8 4  3 4 . 4 9 8 6  3 0 . 1 8 6 3  2 6 . 8 3 2 3  2 4 . 1 4 9 0  2 1 . 9 5 3 7
2 0 . 1 2 4 2  1 8 . 5 7 6 2
1 2 6 . 0 8 9 1  8 4 . 0 5 9 4  6 3 . 0 4 4 5  5 0 . 4 3 5 6  4 2 . 0 2 9 7  3 6 . 0 2 5 4  3 1 . 5 2 2 3  2 8 . 0 1 9 8  2 5 . 2 1 7 8  2 2 . 9 2 5 3
2 1 . 0 1 4 8  1 9 . 3 9 8 3
** R e f e r e n c e  c o n d i t i o n s
* p r s r  1 4 . 7  * t emr 77 * p s u r f  1 4 . 6 5  * t s u r f  62
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♦♦ W a t e e r - o i l  r e l a t i v e  p e r m e a b i l i t i e




0 . 1 0 . 0 0 . 9
0 . 2 5 0 . 0 0 4 0 . 6
0 . 4 4 0 . 0 2 4 0 . 2 8
0 . 5 6 0 . 0 7 2 0 . 1 4 4
0 . 6 7 2 0 . 1 6 8 0 . 0 4 8
0 . 7 1 7 0 . 2 5 6 0 . 0
SI Krg Krog
♦♦ L i q u i d - g a s  r e l a t i v e  p e r m e a b i l i t i e s
0 . 2 1 0 . 4 8 4 0 . 0
0 . 3 2 0 . 3 4 8 0 . 0 1
0 . 4 0 . 2 8 8 0 . 0 2 4
0 . 4 7 2 0 . 1 8 4 0 . 0 5 2
0 . 5 8 0 . 0 8 6 0 . 1 5 2
0 . 6 8 0 . 0 2 4 0 . 2 7 2
0 . 7 9 8 0 . 0 0 6 0 . 4 4 8
0 . 8 0 0 0 . 0 0 . 9
♦♦ O v e r r i d e  c r i t i c a l  s a t u r a t i o n s  on t a b l e  
♦♦ ♦swr 0 . 2 5  ♦sorw 0 . 2 5  * s g r  0 . 1 2  ♦ s o r g  0 . 2
♦♦ ♦swr 0 . 2 5  *sorw 0 . 2 8  * s g r  0 . 1 7  * s o r g  0 . 2
*swr 0 . 2 5  ♦sorw 0 . 2 8  ♦ s g r  0 . 2 0  * s o r g  0 . 2
** ============== INITIAL c o n d i t i o n s  ======================
♦ i n i t i a l
♦ p r e s  ♦con 1 0 8 7 . 7 9  ♦♦ h i g h  i n i t i a l  p r e s s u r e  75 b a r  ( 7 5 00  kPa o r  1 0 8 7 . 7 9
p s i )
♦♦ S o i = 0 . 48  S g i = 0 . 24  & S w i = 0 . 2 8  
♦sw ♦con 0 . 2 8  ♦♦ i n i t i a l  w a t e r  s a t u r a t i o n  i s  0 . 2 8
♦ s o  ♦con 0 . 4 8  ♦♦ i n i t i a l  g a s  s a t u r a t i o n  i s  0 . 2 4
♦temp ♦con 1 7 6 .  ♦♦ R e s e r v o i r  Bed Te mpe ra t ur e  80 oC ( 176  oF)
*★ _____________________________________________________________________
♦♦ Gas i n  t u b e  a t  t h e  i n i t i a l  c o n d i t i o n s  i s  N2 w i t h  s m a l l  c o n c e t r a t i o n  o f  C l - 5  
♦♦ a t  e q u i l i b r i u m  w i t h  t h e  l i q u i d  p e t r o l e u m  p h a s e .
♦♦ ' H20' ' C21+' ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C l - 5 '
' C0 2 ' ' N2' ' 0 2 '  'CO' 'COKE'
♦ m o l e f r a c  ♦ ga s  ♦con 4 # 0 . 0  0 . 0 0 3
0 . 0  0 . 9 9 7  0 . 0  0 . 0
♦♦ I n i t i a l  p e t r o l e u m  p h a s e  f r a c t i o n  a r e :C21+=0. 3 5 8 7 5 5 4 8  C l l - 2 0 = 0 . 3 7 3 6 0 9 0 6
♦♦ C 6 - 1 0 = 0 . 1 92 9 32 9 2  C l - 5
= 0 . 0 7 4 7 0 2 5 5
♦♦ A f t e r  e q u i l i b i z a t i o n  w i t h  t h e  N2 g a s  p h a s e  t h e  N i t r o g e n  f r a c t i o n  i n  t h e  o i l  p h a s e  
i s  0 . 0 4  and
♦♦ t h e  h y d r o c a r b o n  f r a c t i o n  a r e :  C21+ = 0 . 3 3 3 6 4 3  C l l - 2 0 = 0 . 3 4 7 4 5 7
♦♦ C6- 10  = 0 . 1 7 9 4 2 7  C l - 5  = 0 . 0 6 9 4 7 3
♦♦ 1 2 . 3 4
5 6 7 8 9 10
♦♦ ' H20' ' C21+' ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C l - 5 '
' C0 2 ' ' N2 ' ' 0 2 '  'CO' 'COKE'
♦ m o l e f r a c  ^011 ♦con 0 . 0  0 . 3 3 6 9  0 . 3 5 0 8  0 . 1 8 1 1  0 . 0 7 0 1  0 . 0  0 . 0 6 1 1
♦♦ ♦ m o l e f r a c  ♦ o i l  ♦con 0 . 0  0 . 3 3 0 0 2 9  0 . 3 4 3 7 2 4  0 . 1 7 7 4 9 9  0 . 0 6 8 7 4 8  0 . 0  0 . 0 8
♦♦ ============== NUMERICAL CONTROL ======================
♦ n u m e r i c a l  ♦♦ A l l  t h e s e  c an b e  d e f a u l t e d .  The d e f i n i t i o n s
♦♦ h e r e  ma tch  t h e  p r e v i o u s  d a t a .
♦ m a xs t e ps  4500  ♦ n o r t h  10 ♦ n e w t o nc y c  29 ♦ i t e r m a x  120  
♦ u n r e l a x  - 1  
♦ p i v o t  ♦on 
♦ p v to sc ma x  15
♦norm p r e s s  280 s a t u r  0 . 3 9  temp 250
♦♦ ♦norm p r e s s  15 s a t u r  . 1  temp 40 y . 1  x  . 1
♦♦ ♦ c o n v e r g e  p r e s s  . 15  s a t u r  . 0 0 2  temp .5 y  . 0 0 2  x  . 00 2
♦ c o n v e r g e
♦ p r e s s  4 . 3 5  
♦ s a t u r  0 . 0 4 9
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★temp 1 . 7 9  
★y 0 . 0 9  
*x 0 . 0 9  
★w 0 . 0 9  
* z o  0 . 0 4  
★zncg 0 . 0 4  
★zaq 0 . 5  
* w e l l r e s  1 
* m a t b a l t o l  1 
*run
★ ★ = = = = = = = = = = = = ;
t i m e  0 d t w e l l  . 0 0 0 5  
** t i m e  0 d t w e l l  . 005
RECURRENT DATA
w e l l  1 'INJECTOR' i n j e c t o r  1 
o p e r a t e  g a s  1 6 . 6 4 1 6 3  
/  60 SM3/M2 HR)
1 2 
9 10
' H20' ' C 2 1 + '





incomp g a s  6 * 0 . 0  0 . 7 9  0 . 2 1  0 . 0  
t i n j o v  176  
p e r f  1 ** i  j k 
1 1 9 5 : 9 6  0 . 1 4
** 1 1 64
** 1 1 32 5 . 5 4
★★ I n j e c t i o n  Ra t e  1 6 . 6 4 1 6  f t 3 / h r  ( 7 8 5 3 . 9 8  cm3/min  
★♦Total  i n j e c t i o n  f l u x  60 m3/m2hr  
3 4 5 6
' C l l - 2 0 '  ' C 6 - 1 0 '  ' C l - 5 '  ' C0 2 ' 'N2'  ' 0 2 '  'CO'
** A i r  i n j e c t i o n  21% 02 &  79% N2 
w i ( g a s )
0 . 1 4  ** 1 1  1 2 7 : 1 2 8  0 . 1 4
w e l l  2 'PRODUCER' p r o d u c e r  
OPERATE MAX LIQUID 0 . 0 2 0 6 5 9  
OPERATE BHP 1 5 0 0 . 3  
*★ o p e r a t e  bhp 14 50 .  
m o n i t o r  temp 1100  s t o p
g e o me t r y  
p e r f  g e o
k - 1  1 1 0 
2 ** i  j
t i m e  . 0 01  
t i m e  . 0 1  
** h e a t r  i j k  
t e m p e r a t u r e  
** h e a t r  i j k  
*★ h e a t r  i j k  
h e a t r  i j k  1 1 
h e a t r  i j k  1 1 
h e a t r  i j k  1 1 
h e a t r  i j k  1 1
★SHUTIN 2

















** L i n e a r  p r e s s u r e  dr op a t  t u b e  end
★★ Us e  e x t e r n a l  h e a t e r s  t o  r a i s e  t h e
★★ Use  e x t e r n a l  h e a t e r s  t o  r a i s e  t h e  t e m p e r a t u r e  
** Us e  e x t e r n a l  h e a t e r s  t o  r a i s e  t h e  t e m p e r a t u r e  
★* Use  e x t e r n a l  h e a t e r s  t o  r a i s e  t h e  t e m p e r a t u r e
** Use  e x t e r n a l  h e a t e r s  t o  r a i s e  t h e  t e m p e r a t u r e
★★ Us e e x t e r n a l  h e a t e r s  t o  r a i s e  t h e  t e m p e r a t u r e
★★ Us e e x t e r n a l  h e a t e r s  t o  r a i s e  t h e  t e m p e r a t u r e







★* Us e  e x t e r n a l  h e a t e r s  t o  r a i s e  t h e  t e m p e r a t u r e
** Us e  e x t e r n a l  h e a t e r s  t o  r a i s e  t h e  t e m p e r a t u r e
★★ Use  e x t e r n a l  h e a t e r s  t o  r a i s e  t h e  t e m p e r a t u r e
★★ I n j e c t i o n  Ra t e  1 6 . 6 4 1 6  f t 3 / h r  ( 7 8 5 3 . 9 8
** h e a t r  i j k  1 1 
t e m p e r a t u r e  
★* h e a t r  i j k  1 1 
★★ h e a t r  i j k  1 1 
** h e a t r  i j k  1 1 
t i m e  . 083 3
INJECTOR 1 
OPERATE GAS 1 6 . 6 4 1 6 3  
cm3/min /  60 SM3/M2 HR) 
o u t s r f  g r i d  none  
t i m e  . 20  
t i m e  . 30  
t i m e  . 40 8 2  
h e a t r  c on  0 
t i m e  . 40 83  *OPEN 
o u t s r f  g r i d  none  
t i m e  . 45
o u t s r f  g r i d  none  
t i m e  0 . 5
o u t s r f  g r i d  p r e s  sw s o  s g  temp y x  w s o l c o n c  o b h l o s s
masdenw masdeno masdeng pcow pc o g  v i s w  v i s o  v i s g
** Sh ut  o f f  e x t e r n a l  h e a t e r s  
2
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krw kr o  k rg  k va l y w  k v a l y x  cmpdenw cmpdeno cmpvi sw  
c m p v i so  c m p v i s g  c c h l o s s
t i m e  0 . 7 5  
o u t s r f  g r i d  none  
t i m e  1
o u t s r f  g r i d  none  
t i m e  1 . 1 2 5
PRODUCER 2
OPERATE MAX LIQUID 0 . 0 2 2 0  
o u t s r f  g r i d  none  
t i m e  1 . 2
o u t s r f  g r i d  none  
t i m e  1 . 3
o u t s r f  g r i d  none
t i m e  1 . 4
o u t s r f  g r i d  none
t i m e  1 . 5
o u t s r f  g r i d  p r e s  sw s o  s g  temp y  x  w s o l c o n c  o b h l o s s
masdenw masdeno masdeng pcow p c o g  v i s w  v i s o  v i s g  
krw k ro  kr g k va l y w  k v a l y x  cmpdenw cmpdeno cmpvisw  
c mp v i s o  c mp v i s g  c c h l o s s
t i m e  1 . 5 6 6 7  
o u t s r f  g r i d  none  
s t o p
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** ID COMBUSTION TUBE TEST No.RUN-6 - LIGHT CLAIR OIL 5 PSEUDO COMP.
* * ____________________________
** TUBE PRESURE 100 Ba rs  - 1 1 0  GRID BLOCKS 5 HYDROCARBON PSEUDOCOMPONENTS 
** CRACKING REACTIONS
* *  Forward d r y  c o m b u s t i o n  i n  a 1 - d  v e r t i c a l  t u b e  i s  s i m u l a t e d .
** A i r  i s  i n j e c t e d  a t  t h e  t o p  o f  t h e  t u b e  a t  a c o n s t a n t  r a t e .  F l u i d s
** a r e  p r o d u c e d  a t  t h e  b o t t o m o f  t h e  t u b e  a t  c o n s t a n t  b a c k - p r e s s u r e .
** S p e c i a l  F e a t u r e s :
** 1) 5 h y d r o c a r b o n  c o mpo ne nt s :  t h r e e  l i q u i d  C21+,  C l l - 2 0 ,  C 6 - 1 0 ,  C2-5  and on e
s o l i d .
** S t o c k t a n k  s t a b i l i z e d  o i l  i s  u s e d  and CH4 c o m p o s i t i o n  i s  n e g l i g i b l e .
** 2) Two n o n - c o n d e n s i b l e  g a s e s :  o x y g e n  & CO g a s e s .
** 3) F i v e  c o m b u s t i o n  r e a c t i o n s :
* *  ( a )  c r a c k i n g  o f  h e a v y  o i l  t o  l i g h t  o i l  and c o k e ,
** ( b)  C21+ h e a v y  o i l  b u r n i n g ,
** ( C )  C l l - 2 0  MEDIUM OIL BURNING,
** (d)  C6 -10  l i g h t  o i l  b u r n i n g ,
** ( e )  COKE b u r n i n g .
** B u r n i n g  p r o d u c e s  w a t e r  and C0+C02 m i x t u r e .
** 4) High i n i t i a l  p r e s s u r e  (100  b a r ,  1 000 0 Kpa,  1 4 5 0 . 3 8  p s i a )  and 80 oF (176  oF)
T e m p e r a t u r e .
** 5) I n j e c t i o n  end i s  h e a t e d  e x t e r n a l l y ,  i g n i t i o n  t e m p e r a t u r e  350 oC ( 66 2  o F ) .
** 6) p o r s i t y :  36.6% P e r m e a b i l i t y :  1004 mD
** 7)  Water  s a t u r a t i o n :  30% O i l  S a t u r a t i o n :  65% and
** 5% g a s  s a t u r a t i o n  a ssumed n i t r o g e n  t h e  i n t i a l  c o n d i t i o n s .
** ============== INPUT/OUTPUT CONTROL ======================
f i l e n a m e  o u t p u t  i n d e x - o u t  m a i n - r e s u l t s - o u t  ** Us e  d e f a u l t  f i l e  names
* t i t l e l  ' ID CLAIR OIL COMBUSTION TUBE RUN No. 6 - 1 0 0  BARS '
* t i t l e 2  'DIRCECT & INDIRECT COMBUSTION - 5  PSEUDO COMPONENTS'
♦ i n u n i t  f i e l d  e x c e p t  1 1  ** h r s  i n s t e a d  o f  d a y s  
e x c e p t  11 1 ** f t 3  i n s t e a d  o f  b b l
♦OUTUNIT LAB
♦out pr n * g r i d  p r e s  sw s o  s g  temp y x  s o l c o n c  o b h l o s s  v i s o
♦ out pr n * w e l l  * a l l
* wr s t  300 *wprn * g r i d  300 *wprn * i t e r  300
o u t s r f  g r i d  p r e s  sw s o  s g  temp y x  w s o l c o n c  o b h l o s s
masdenw masdeno masdeng pcow pc o g  v i s w  v i s o  v i s g  
krw k ro  kr g k va l y w  k v a l y x  cmpdenw cmpdeno cmpvisw  
c m p v i s o  c m pv i sg  c c h l o s s
o u t s r f  s p e c i a l  b l k v a r temp 0 1 ** t h i s t o r y , b l o c k  1
b l k v a r temp 0 2 ★ ★ n b l o c k  2
b l k v a r temp 0 4 ** n b l o c k  4
b l k v a r temp 0 6 ** n b l o c k  6
b l k v a r temp 0 8 ** n b l o c k  8
b l k v a r temp 0 10 *★ it b l o c k  10
b l k v a r temp 0 12 ** n b l o c k  12
b l k v a r temp 0 14 ★ * n b l o c k  14
b l k v a r temp 0 16 ★ * n b l o c k  16
b l k v a r temp 0 18 ** it b l o c k  18
b l k v a r temp 0 20 ★ ★ it b l o c k  20
b l k v a r temp 0 22 ** n b l o c k  22
b l k v a r temp 0 24 ** n b l o c k  24
b l k v a r temp 0 26 ★ * it b l o c k  26
b l k v a r temp 0 28 ** it b l o c k  28
b l k v a r temp 0 30 ** tt b l o c k  30
b l k v a r temp 0 32 ★ ★ tt b l o c k  32
b l k v a r temp 0 34 *★ it b l o c k  34
b l k v a r temp 0 36 ** tt b l o c k  36
b l k v a r temp 0 38 + * n b l o c k  38
b l k v a r temp 0 40 ** it b l o c k  40
b l k v a r temp 0 42 ** it b l o c k  42
b l k v a r temp 0 44 ** it b l o c k  44
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b l k v a r temp 0 46 *★ IT b l o c k  46
b l k v a r temp 0 48 ** It b l o c k  48
b l k v a r temp 0 50 ** fl b l o c k  50
b l k v a r temp 0 52 ** n b l o c k  52
b l k v a r temp 0 54 ** If b l o c k  54
b l k v a r temp 0 56 ** n b l o c k  56
b l k v a r temp 0 58 ** it b l o c k  58
b l k v a r temp 0 60 ** it b l o c k  60
b l k v a r temp 0 62 ** b l o c k  62
b l k v a r temp 0 64 ★ * II b l o c k  64
b l k v a r temp 0 66 ** t h i s t o r y ,  b l o c k  66
b l k v a r temp 0 68 ** t h i s t o r y ,  b l o c k  68
b l k v a r temp 0 70 ** t h i s t o r y ,  b l o c k  70
b l k v a r temp 0 72 ** II b l o c k  72
b l k v a r temp 0 74 ** " b l o c k  74
b l k v a r temp 0 76 ** n b l o c k  76
b l k v a r temp 0 78 ** n b l o c k  78
b l k v a r temp 0 80 * ★ it b l o c k  80
b l k v a r temp 0 82 *★ n b l o c k  82
b l k v a r temp 0 84 ** if b l o c k  84
b l k v a r temp 0 86 * ★ n b l o c k  86
b l k v a r temp 0 88 *★ ii b l o c k  88
b l k v a r temp 0 90 ** it b l o c k  90
b l k v a r temp 0 92 ** n b l o c k  92
b l k v a r temp 0 94 ** it b l o c k  94
b l k v a r temp 0 96 ** n b l o c k  96
a v g v a r temp 0 ** a v e r a g e  T i n  t u b e
a v g v a r sw 0 ** a v e r a g e  sw i n  t u b e
a v g v a r s o 0 ** a v e r a g e  s o  i n  t u b e
a v g v a r s g 0 *★ a v e r a g e  s g i n  t u b e
b l k v a r sw 0 1 ** Sw h i s t o r y , b l o c k  1
b l k v a r sw 0 2 * *  Sw h i s t o r y , b l o c k  2
b l k v a r sw 0 4 ** Sw h i s t o r y , b l o c k  4
b l k v a r sw 0 6 ** Sw h i s t o r y , b l o c k  6
b l k v a r sw 0 8 ** Sw h i s t o r y , b l o c k  8
b l k v a r sw 0 10 ** Sw h i s t o r y b l o c k  10
b l k v a r sw 0 12 ** Sw h i s t o r y b l o c k  12
b l k v a r sw 0 14 *★ Sw h i s t o r y b l o c k  14
b l k v a r sw 0 16 ★ * Sw h i s t o r y b l o c k  16
b l k v a r sw 0 18 ** Sw h i s t o r y b l o c k  18
b l k v a r sw 0 20 ★ * Sw h i s t o r y b l o c k  20
b l k v a r sw 0 22 ** Sw h i s t o r y b l o c k  22
b l k v a r sw 0 24 ** Sw h i s t o r y b l o c k  24
b l k v a r sw 0 26 ** Sw h i s t o r y b l o c k  26
b l k v a r sw 0 28 *★ Sw h i s t o r y b l o c k  28
b l k v a r sw 0 30 * * Sw h i s t o r y b l o c k  30
b l k v a r sw 0 32 ** Sw h i s t o r y b l o c k  32
b l k v a r sw 0 34 ** Sw h i s t o r y b l o c k  34
b l k v a r sw 0 36 ** Sw h i s t o r y b l o c k  36
b l k v a r sw 0 38 ** Sw h i s t o r y b l o c k  38
b l k v a r sw 0 40 ** Sw h i s t o r y b l o c k  40
b l k v a r sw 0 42 ** Sw h i s t o r y b l o c k  42
b l k v a r sw 0 44 ** Sw h i s t o r y b l o c k  44
b l k v a r sw 0 46 ** Sw h i s t o r y b l o c k  46
b l k v a r sw 0 48 ** Sw h i s t o r y b l o c k  48
b l k v a r sw 0 50 ** Sw h i s t o r y b l o c k  50
b l k v a r sw 0 52 ** Sw h i s t o r y b l o c k  52
b l k v a r sw 0 54 + * Sw h i s t o r y b l o c k  54
b l k v a r sw 0 56 *★ Sw h i s t o r y b l o c k  56
b l k v a r sw 0 58 ** Sw h i s t o r y b l o c k  58
b l k v a r sw 0 60 ** Sw h i s t o r y b l o c k  60
b l k v a r sw 0 62 ** Sw h i s t o r y b l o c k  62
b l k v a r sw 0 64 ★ ★ Sw h i s t o r y b l o c k  64
b l k v a r sw 0 66 ** Sw h i s t o r y b l o c k  66
b l k v a r sw 0 68 ** Sw h i s t o r y b l o c k  68
b l k v a r sw 0 70 ** Sw h i s t o r y b l o c k  70
b l k v a r sw 0 72 ** Sw h i s t o r y b l o c k  72
b l k v a r sw 0 74 ** Sw h i s t o r y b l o c k  74
b l k v a r sw 0 76 ★ * Sw h i s t o r y b l o c k  76
b l k v a r sw 0 78 ** Sw h i s t o r y b l o c k  78
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★  *  
* *  
*  *  
* *  
* *  
*  ★ 
★  *  
★  *  
★  *
b l k v a r sw 0 80 ★ * Sw h i s t o r y , b l o c k 80
b l k v a r sw 0 82 ** Sw h i s t o r y , b l o c k 82
b l k v a r sw 0 84 ** Sw h i s t o r y , b l o c k 84
b l k v a r sw 0 86 ** Sw h i s t o r y , b l o c k 86
b l k v a r sw 0 88 ** Sw h i s t o r y , b l o c k 88
b l k v a r sw 0 90 ** Sw h i s t o r y , b l o c k 90
b l k v a r sw 0 92 ** Sw h i s t o r y , b l o c k 92
b l k v a r sw 0 94 ** Sw h i s t o r y , b l o c k 94
b l k v a r sw 0 96 * * Sw h i s t o r y , b l o c k 96
b l k v a r y 6 1 ♦♦ y ( C 0 2 ) , ft
b l k v a r y 8 1 ♦♦ y ( o x y g e n ) ,
b l k v a r y  9 1 ** y ( C O ) , II
b l k v a r krci 0i 16 ** o i l  r e l  perm, "
maxvar s o l c o n c  9 ♦♦ max c o k e  c o ne  i n  t u b e
m a t b a l  r e a c t i o n  1
m a t b a l  r e a c t i o n  2
m a t b a l  r e a c t i o n  e n e r g y
c c h l o s s
t f r o n t  400
t f r o n t  1200
t f r o n t  1200  backward
♦♦ n e t  r e a c t i o n  w a t e r
♦♦ n e t  r e a c t i o n  o i l
♦♦ n e t  r e a c t i o n  o x y g e n
♦♦ n e t  cum h e a t  from h e a t e r s
♦♦ 400 de g f r o n t  p o s i t i o n
♦♦ 1200 de g  f r o n t  p o s i t i o n
♦♦ 1200 de g  backward f r o n t  p o s i t i o n
* PARTCLMLWT 1 3 . 6 ♦♦ COKE ( CH I. 6) MOLECULAR WEIGHT IS 1 3 . 6
GRID AND RESERVOIR DEFINITION
★* * g r i d  ♦ c a r t  1 1 64 
♦ g r i d  * c a r t  1 1 96 
♦♦ * g r i d  ♦ c a r t  1 1 128
♦♦ 64 b l o c k s  i n  t h e  K d i r e c t i o n  ( nor ma l  v e r t i c a l )  
♦♦ 96 b l o c k s  i n  t h e  K d i r e c t i o n  ( nor ma l  v e r t i c a l )  
♦♦ 128 b l o c k s  i n  t h e  K d i r e c t i o n  ( nor ma l  v e r t i c a l )
♦♦ Tube I . D .  = 10 cm. C r o s s - s e c t i o n a l  a r e a  i s  p i * ( d / 2 ) * * 2  
♦♦ = 7 8 . 5 4  cm2 = L*L. s o  e q u i v a l e n t  b l o c k  s i d e  i s  
** L = 8 . 8 6 2 2 7  cm ( 0 . 2 8 7 0 8  f t ) .
♦♦ T o t a l  t u b e  l e n g t h  i s  125 cm;
♦♦ b l o c k  = 1 2 5 / 1 0 0  = 1 . 2 5  cm ( 0 . 0 6 3 3 1  f t  f o r  64 g r i d  b l o c k s  o r  0 . 0 3 1 6 6  f t  f o r  128)  
♦♦ ( 0 . 0 4 2 2 0 8 3  f t  f o r  96 g r i d  b l o c k s )
♦♦ ( 0 . 1 2 6 6 3  f t  f o r  32 g r i d  b l o c k s  o r
0 . 2 5 3 2 5  f t  f o r  16)
** * d i  ♦con 0 . 2 8 7 0 8  ♦dj ♦con 0 . 2 8 7 0 8  *dk *con 0 . 0 6 3 3 1
* d i  ♦con 0 . 2 8 7 0 8  *dj  ♦con 0 . 2 8 7 0 8  ♦dk ♦con 0 . 0 4 2 2 0 8 3  
♦ ♦ * d i  *c on  0 . 2 8 7 0 8  *dj  ♦con 0 . 2 8 7 0 8  ♦dk ♦con 0 . 0 3 1 6 6
*por  *con 0 . 3 6 6 0  
** PERMEABILTY 1004 mD
♦♦ PERMEABILTY 800 mD FOR HISTORY MATCH 
♦permi  *c on  1004 *permj ♦ e q u a l s i
♦♦ *permi  *c on  370 *permj ♦ e q u a l s i
♦♦ ♦permi  ♦co n 1600 ♦permj ♦ e q u a l s i
♦permk * e q u a l s i  
♦permk * e q u a l s i  
♦permk * e q u a l s i
♦ r oc k c p  3 5 . 0 2  
* cpc  4 . 0 6
♦ t h c o n r  1 * thc onw 0 . 3 6  * t h c o n o  0 . 0 7 7  * t h c o n g  0 . 0 8 3 3
FLUID DEFINITIONS
♦model  10 9 7 ♦♦ Number o f  n o n c o n d e n s i b l e  g a s e s  i s  numy-numx = 2
♦♦ Number o f  s o l i d  c ompone nt s  i s  ncomp-numy = 1 
♦♦ N2 & C02 s o l u b l e  i n  t h e  l i q u i d  p e t r o l e u m  p h a s e
♦♦ 02 & CO o n l y  t h e  g a s  p h a s e  i n s o l u b l e  i n  t h e  l i q u i d  p e t r o l e u m  p h a s e
♦compname 'WATER' 'C21+'  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C l - 5 '  'C02'  'N2'  ' 0 2 '  'CO' 'COKE'
**   ______
♦cmm 18 4 4 7 . 5 3  2 1 8 . 3 8  1 1 0 . 2 9  7 2 . 1 5  4 4 . 0 1  2 8 . 0 1  32 2 8 . 0 1
♦ p c r i t  3155  1 4 2 . 8 3  2 6 6 . 4 0  3 8 2 . 3 2  4 8 8 . 1  1 0 7 1 . 0  500 730 5 0 7 . 5
♦ t c r i t  7 0 5 . 7  8 3 3 . 1 1  8 2 5 . 3 4  5 4 8 . 2  3 8 5 . 4 7  8 7 . 5 6  - 2 3 2 . 8 4  - 1 8 1 . 7 2  - 2 2 0 . 7 8
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♦♦compnm
**
' H20 ' ' C21 +' ' C l l - 2 0 ' ' C6- 1 0 ' ' C l - 5 ' ' C 0 2 ' ' N2' ' 0 2
♦ avg 0 0 0 0 0 0 0 0
♦bvg 0 0 0 0 0 0 0 0
♦ a v i s c 0 0 . 1 3 2 6 8 3 0 . 1 3 2 8 2 3 0 . 1 5 2 2 9 6 0 . 1 9 0 2 4 8 0 . 0 4 4 1 2 6 0 . 1 4 1 2 6 9
♦ b v i s c 0 1 4 7 8 . 3 2 1 2 9 5 . 3 2 8 5 2 . 6 6 4 7 8 . 5 1 1 0 4 0 . 5 4 1 6 2 . 5 4
♦molden 0 0 . 2 0 2 4 0 . 2 0 0 0 0 . 1 3 0 9 0 . 0 4 8 1 0 . 6 6 2 3 0 . 6 9 4 4
♦cp 0 3 . 9 e - 6 4 e - 6 4 . 5 e - 6 5 e - 6
to1<Dr*- 7 . 5 e - 6
♦ c t l 0 1<D
H
1 . 4 9 6 e - 4 2 . 8 3 9 e - 4 2 . 8 3 9 e - 4 2 . 8 3 9 e - 4 2 . 8 3 9 e - 4
* *
* *
** CHEMICAL REACTION 1 - C r a ck i n g :
* compname ' WATER'
★ ★
♦ s t o r e a c  0 
♦ s t o p r o d  0 
♦♦ ♦ f r e q f a c  2 . 1 e 5  
♦♦ ♦ f r e q f a c  2 . 1 e 5
' C 2 1 + ' ' C l l - 2 0 '
C21+ ->  
' C 6 - 1 0 '  '
C1-C5  
C l - 5 '  1
♦ e a c t  1 0000  
♦ e a c t  25000
0
0
♦ r e n t h
♦ r e n t h
3 . 5 1 1 1 8
+ Coke  




1 4 . 2 7 9 3
♦ f r e q f a c  2 . I e 5  ♦ e a c t  28000 ♦ r e n t h  0
- C r a ck i n g :  C11-C20 - > C6-C10 + Coke
'C21+' ' C l l - 2 0 '  ' C 6 - 1 0 ' ' C l - 5 '  'C02'  ' N 2 ‘
1 0 0 0 0
0 1 . 6 2 3 0 7  0 0 0
♦ r e n t h  0
♦♦ CHEMICAL REACTION 2 - C r a ck i n g :  C21+ ->
♦compname 'WATER' 'C21+'  ' C l l - 2 0 '  ' C 6 - 1 0 '
it *
♦ s t o r e a c  0 1 0  0
♦ s t o p r o d  0 0 1 . 9 2 5 7 2  0
♦♦ ♦ f r e q f a c  2 . 0e 5  ♦ e a c t  8000 ♦ r e n t h  0
♦♦ ♦ f r e q f a c  2 . 0 e 5  ♦ e a c t  2 7000  ♦ r e n t h  0
♦ f r e q f a c  2 . 0e 5  ♦ e a c t  29000 ♦ r e n t h  0
* *  -----------------------------------------------------------------------------------------------------------------------------------------------------
♦♦ CHEMICAL REACTION 3 - C r a ck i n g :  C21+ ->
♦compname 'WATER' 'C21+'  ' C l l - 2 0 '  ' C 6 - 1 0 '
*★       _____
♦ s t o r e a c  0 1 0  0
♦ s t o p r o d  0 0 0 3 . 1 2 5 7 7
♦♦ ♦ f r e q f a c  2 . 0 e 5  ♦ e a c t  7000 ♦ r e n t h  0
♦♦ ♦ f r e q f a c  2 . 0e 5  ♦ e a c t  27000  ♦ r e n t h  0
♦ f r e q f a c  2 . 0 e 5  ♦ e a c t  31000 ♦ r e n t h  0
*  *  ------------------------------------------------------------------------------------
♦♦ CHEMICAL REACTION 
♦♦ ♦compname 'WATER'
★ *   ______
♦♦ ♦ s t o r e a c  0 0
♦♦ ♦ s t o p r o d  0 0
♦♦ ♦ f r e q f a c  2 . 0 e 5  ♦ e a c t  27000
* *  ----------------------------------------------------------------------------------------
♦♦ CHEMICAL REACTION 4 - C r a ck i n g :  C11-C20 - >
♦compname 'WATER' 'C21+'  ' C l l - 2 0 '  ' C 6 - 1 0 '
**       _____
♦ s t o r e a c  0 0 1 0
♦ s t o p r o d  0 0 0 0 1
♦♦ ♦ f r e q f a c  2 . 0 e 5  ♦ e a c t  5000 ♦ r e n t h  0 
♦ f r e q f a c  2 . 0 e 5  ♦ e a c t  27000 ♦ r e n t h  0
+* -------------------------------------------------------------
♦♦ CHEMICAL REACTION 5-  Heavy O i l  B ur ni ng :  
♦compname 'WATER' 'C21+'  ' C l l - 2 0 '  ' C 6 - 1 0 '
*  *
♦ s t o r e a c  0 1 0  0 0
♦ s t o p r o d  3 3 . 2 6 2 4  0 0 0 0
♦♦ ♦ f r e q f a c  l . O e l O  ♦ e a c t  9500  ♦ r e n t h  1 0 2 9 3 . 9  
♦ f r e q f a c  3 . 0 2 0 e l 0  ♦ e a c t  13500  ♦ r e n t h  1 0 2 9 3 . 9
icir ----------------- -----------------------------------------------
♦♦ CHEMICAL REACTION 6-  Medium O i l  Bur ni ng :  
♦compname 'WATER' 'C21+'  ' C l l - 2 0 '  ' C 6 - 1 0 '
** _____
♦ s t o r e a c  0
♦ s t o p r o d  1 6 . 3 3 0 6  
♦♦ ♦ f r e q f a c  2 . OelO 
♦ f r e q f a c  3 . 0 2 0 e l 0
C11-C20  
' C l - 5 '  '
+ Coke  
C02 ‘ ' N2 1
C6-C10
' C l - 5 '
0
0
+ Coke  
' C0 2 ' ’ N2'
C2-C5




' C 0 2 ' ' N2'
’ 02  ‘
’ 0 2 '
’ 02  '
0 2 '
'CO' 'COKE'
2 . 2 6 7 8 9
'CO' 'COKE'
7 . 5 5 9 6 3
’CO' 'COKE'
2 . 7 4 7 9 3
’CO' 'COKE'
6 . 2 3 7 3 7
C21+ 
C l - 5 '
+ 02 




' 0 2 '
+ e n e r g y  
'CO' 'COKE'
3 2 . 5 0 6 4  0
0 3 1 . 7 5 0 4
C11-C20 + 02  
C l - 5 '  ' C 0 2 '
■>
N2
H20 + CO 
0 2 '




♦ e a c t  8500  
♦ e a c t  15500
0 (
0 (
♦ r e n t h  4 9 2 0 . 3  
♦ r e n t h  4 9 2 0 . 3
1 5 . 8 2 0 2  0
0 1 5 . 3 0 9 9
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♦♦ CHEMICAL REACTION 7-  L i g h t  O i l  Bu rn in g :  C6-C10 + 02  - >  H20 + CO + e n e r g y
♦compname 'WATER' 'C21+'  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C l - 5 '  ' C02'  'N2'  ' 0 2 '  'CO' 'COKE'
* *
8 . 2 2 3 3 8  0 0
0 7 . 7 3 9 6 5  0
♦ s t o r e a c  0 0 0 1 0
♦ s t o p r o d  8 . 7 0 7 1 1  0 0 0 0
♦♦ ♦ f r e q f a c  8 . 0e9 ♦ e a c t  8000 ♦ r e n t h  2 4 2 0 . 2  
♦ f r e q f a c  3 . 0 2 0 e l 0  ♦ e a c t  1 5500  ♦ r e n t h  2 4 2 0 . 2  
*  *  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
♦♦ CHEMICAL REACTION 8-  Hydrocarbon Gas Bur ni ng :  C1-C5 + 02 - > H20 + CO + e n e r g y  
♦compname 'WATER' 'C21+'  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C l - 5 '  ' C02'  'N2'  ' 0 2 '  'CO' 'COKE'
*  *  ___________
♦ s t o r e a c  0 0 0 0 1
♦ s t o p r o d  6 . 2 1 9 8 3  0 0 0 0
♦♦ ♦ f r e q f a c  7 . 0e9  ♦ e a c t  7000  ♦ r e n t h  1 4 6 3 . 4
♦ f r e q f a c  3 . 0 2 0 e l 0  ♦ e a c t  1 500 0 ♦ r e n t h  1 4 6 3 . 4
5 . 5 9 7 8 4  0
0 4 . 9 7 5 8 6
♦♦ CHEMICAL REACTION 9 -  Coke B ur ni ng:  Coke + 02 -> H20 + C02 + e n e r g y
♦compname 'WATER' 'C21+'  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C l - 5 '  'C02'  'N2'  ' 0 2 '  'CO' 'COKE'
*★ ____
♦ s t o r e a c  0 0 0 0 0 0 0 1 . 4 0  1
♦ s t o p r o d  0 . 8 0  0 0 0 1 0  0 0 0
♦ f r e q f a c  3 . 0e5  ♦ e a c t  5500 ♦ r e n t h  4 6 1 . 3
♦♦ CHEMICAL REACTION ♦♦ - Gas b u r n i n g :  CH4 + 202 -> 2H20 + C02 + e n e r g y  
♦♦ ♦compname 'WATER' 'C21+'  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C l - 5 '  ' C02'  'N2'  ' 0 2 '  'CO' 'COKE'
**         ____
♦♦ ♦ s t o r e a c  0 0 0  0 1 0 0 2 0 0
♦♦ ♦ s t o p r o d  2 0 0  0 0 1 0 0 0 0
♦♦ ♦ f r e q f a c  3 . 0 2 0 e l 0
♦♦ ♦ e a c t  59450
♦♦ ♦ r e n t h  5 0 2 . 5 3 3  ♦♦ R e a c t i o n  E n t h a l p y  BTU/ lbmol e
♦♦ CHEMICAL REACTION 10 - Carbon Monoxi de  b u r n i n g :
♦compname 
**
♦ s t o r e a c
♦ s t o p r o d
♦ f r e q f a c
♦♦ ♦ f r e q f a c
♦ e a c t




1.  5e5  
8 . 0 6 4E 8  
3250  
2 . 8 3 8 E 5
' C l l - 2 0 '  ' C 6 - 1 0 ' ' C l - 5 '
CO + 
' C 0 2 '
0 . 5  02  - > C02 + e n e r g y




♦ s o l d e n  4 . 4
♦♦ Pseudoc ompon en t  K v a l u e  t a b l e s  f o r  p r e s s u r e s  500 p s i  & 6500 p s i  100 F t o  1300 F be  
100 d e g  i n t e r v a l s  
♦ k v t a b l i m  500 3250 100 1300
♦♦ K v a l u e  t a b l e  f o r  C21+♦ k v t a b l e  2
3 . 000E-07
6 . 0 0 1 E - 0 8
1 . 188E-05
2 . 3 7 7 E - 0 6
1 . 7 8 8 E - 0 4
3 . 5 7 6 E - 0 5
1 . 432E-03
2 . 8 6 3 E - 0 4
7 . 433E-03
1 . 4 8 7 E - 0 3
2 . 8 2 8 E - 0 2
5 . 656E-03
8 . 546E- 02
1 . 7 0 9 E - 0 2
2 . 1 6 7 E - 0 1
4 . 3 3 4 E - 0 2
4 . 7 9 1 E - 0 1
9 . 583E-02
9 . 5 0 3 E - 0 1
1 . 901E- 01
2 . 000E- 07  
5 . 45 5E- 08  
7 . 9 2 3 E - 0 6  
2 . 1 6 1 E - 0 6  
1 . 1 9 2 E - 0 4  
3 . 2 5 1 E - 0 5  
9 . 545 E-04  
2 . 6 0 3 E - 0 4  
4 . 9 5 5 E - 0 3  
1 . 351E- 03  
1 . 8 8 5 E - 0 2  
5 . 1 4 2 E - 0 3  
5 . 698E- 02  
1 . 55 4E- 02  
1 . 4 4 5 E - 0 1  
3 . 9 4 0 E - 0 2  
3 . 1 9 4 E - 0 1  
8 . 71 2E- 02  
6 . 3 3 6 E - 0 1  
1 . 7 2 8 E - 0 1
1 . 5 0 0 E - 0 7  
5 . 0 0 0 E - 0 8  
5 . 942E- 06  
1 . 981E-06  
8 . 9 3 9 E - 0 5  
2 . 9 8 0 E - 0 5  
7 . 1 5 9 E - 0 4  
2 . 3 8 6 E - 0 4  
3 . 7 1 6 E - 0 3  
1 . 2 3 9 E - 0 3  
1 . 4 1 4 E - 0 2  
4 . 714E- 03  
4 . 273 E- 02  
1 . 4 2 4 E - 0 2  
1 . 0 8 3 E - 0 1  
3 . 6 1 1 E - 0 2  
2 . 3 9 6 E - 0 1  
7 . 986 E- 02  
4 . 7 5 2 E - 0 1  
1 . 5 84 E- 01
1 . 200E- 07  
4 . 616E- 08  
4 . 7 5 4 E - 0 6  
1 . 828E- 06  
7 . 1 5 1 E - 0 5  
2 . 7 50 E- 05  
5 . 727E- 04  
2 . 203E- 04  
2 . 9 7 3 E - 0 3  
1 . 144E- 03  
1 . 1 3 1 E - 0 2  
4 . 3 5 1 E - 0 3  
3 . 4 1 9 E - 0 2  
1 . 3 1 5 E - 0 2  
8 . 667E- 02  
3 . 3 3 4 E - 0 2  
1 . 9 1 7 E - 0 1  
7 . 3 71 E- 02  
3 . 8 0 1 E - 0 1  
1 . 46 2E -0 1
1 . OOOE-07 
3 . 961E- 06  
5 . 959 E- 05  
4 . 7 7 2 E- 0 4  
2 . 4 7 8 E - 0 3  
9 . 4 2 7 E - 0 3  
2 . 8 4 9 E - 0 2  
7 . 223E- 02  
1 . 5 9 7 E - 0 1  
3 . 1 68E- 01
8 . 5 7 2 E - 0 8  
3 . 3 9 6 E - 0 6  
5 . 1 08 E- 05  
4 . 0 9 1 E - 0 4  
2 . 1 2 4 E - 0 3  
8 . 0 8 0 E - 0 3  
2 . 4 42 E- 0 2
1 . 3 6 9 E - 0 1
2 . 7 1 5 E - 0 1
7 . 501E-08  
2 . 9 7 1 E - 0 6  
4 . 4 70 E - 0 5  
3 . 5 7 9 E - 0 4  
1 . 8 5 8 E - 0 3  
7 . 0 7 0 E - 0 3  
2 . 1 3 7 E - 0 2
1 . 198 E- 01  
2 . 376E- 01
6 . 6 6 7 E - 0 8  
2 . 6 4 1 E - 0 6  
3 . 9 7 3 E - 0 5  
3 . 182E- 04  
1 . 6 5 2 E - 0 3  
6 . 2 8 5 E - 0 3  
1 . 8 9 9 E - 0 2  
4 . 8 1 5 E - 0 2  
1 . 0 6 5 E - 0 1  
2 . 112E- 01
6 . 1 9 1 E - 0 2  5 . 4 17 E- 02
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1 . 7 2 6  1 . 1 5 1  8 . 6 3 2 E - 0 1  6 . 9 0 6 E - 0 1  5 . 7 5 5 E - 0 1  4 . 9 3 3 E - 0 1  4 . 3 1 6 E - 0 1  3 . 8 3 7 E - 0 1
3 . 4 5 3 E - 0 1  3 . 1 3 9 E - 0 1  2 . 8 7 7 E - 0 1  2 . 6 5 6 E - 0 1
2 . 9 1 8 8 6  1 . 9 4 5 9 1  1 . 4 5 9  1 . 1 6 8  9 . 7 3 0 E - 0 1  8 . 3 4 0 E - 0 1  7 . 2 9 7 E - 0 1  6 . 4 8 6 E - 0 1  5 . 8 3 8 E - 0 1
5 . 3 0 7 E - 0 1  4 . 8 6 5 E - 0 1  4 . 4 9 1 E - 0 1
4 . 6 4 8 8 7  3 . 0 9 9 2 5  2 . 3 2 4 4 3  1 . 8 6 0  1 . 5 5 0  1 . 3 2 8  1 . 1 6 2  1 . 0 3 3  9 . 2 9 8 E - 0 1  8 . 4 5 2 E - 0 1
7 . 7 4 8 E - 0 1  7 . 1 5 2 E - 0 1
* k v t a b l e  3 ** K v a l u e  t a b l e  f o r  C11-C20
9 . 4 6 4 E - 0 9  6 . 3 0 9 E - 0 9  4 . 7 3 2 E - 0 9  3 . 7 8 6 E - 0 9  3 . 1 5 5 E - 0 9  2 . 7 0 4 E - 0 9  2 . 3 6 6 E - 0 9  2 . 1 0 3 E - 0 9
1 . 8 9 3 E - 0 9  1 . 72 1E- 0 9  1 . 5 7 7 E - 0 9  1 . 4 5 6 E - 0 9
1 . 1 4 0 E - 0 6  7 . 6 0 2 E - 07 5 . 7 0 1 E - 0 7  4 . 5 6 1 E - 0 7  3 . 8 0 1 E - 0 7  3 . 2 5 8 E - 0 7  2 . 8 5 1 E - 0 7  2 . 5 3 4 E - 0 7  
2 . 281 E-07  2 . 0 7 3 E - 0 7  1 . 9 0 0 E - 0 7  1 . 7 5 4 E - 0 7
3 . 8 94E- 05  2 . 5 9 6 E - 0 5  1 . 9 4 7 E - 0 5  1 . 5 5 7 E - 0 5  1 . 2 9 8 E - 0 5  1 . 1 1 2 E - 0 5  9 . 7 3 4 E - 0 6  8 . 6 5 2 E - 0 6
7 . 7 8 7 E - 0 6  7 . 0 7 9 E - 0 6  6 . 4 8 9 E - 0 6  5 . 9 9 0 E - 0 6
5 . 8 4 9 E - 0 4  3 . 8 9 9 E - 0 4  2 . 9 2 5 E - 0 4  2 . 3 4 0 E - 0 4  1 . 9 5 0 E - 0 4  1 . 6 7 1 E - 0 4  1 . 4 6 2 E - 0 4  1 . 3 0 0 E - 0 4
1 . 1 7 0 E - 0 4  1 . 0 6 3 E - 0 4  9 . 7 4 9 E - 0 5  8 . 9 9 9 E - 0 5
4 . 9 9 7 E - 0 3  3 . 3 3 1 E - 0 3  2 . 4 9 8 E - 0 3  1 . 9 9 9 E - 0 3  1 . 6 6 6 E - 0 3  1 . 4 2 8 E - 0 3  1 . 2 4 9 E - 0 3  1 . 1 1 0 E - 0 3
9 . 9 9 3 E - 0 4  9 . 0 8 5 E - 0 4  8 . 3 2 8 E - 0 4  7 . 6 8 7 E - 0 4
2 . 8 4 8 E - 0 2  1 . 8 9 8 E - 0 2  1 . 4 2 4 E - 0 2  1 . 1 3 9 E - 0 2  9 . 4 9 2 E - 0 3  8 . 1 3 6 E - 0 3  7 . 1 1 9 E - 0 3  6 . 3 2 8 E - 0 3
5 . 6 9 5 E - 0 3  5 . 1 7 8 E - 0 3  4 . 7 4 6 E - 0 3  4 . 3 8 1 E - 0 3
1 . 2 0 2 E - 0 1  8 . 0 1 5 E - 0 2  6 . 0 1 1 E - 0 2  4 . 8 0 9 E - 0 2  4 . 0 0 8 E - 0 2  3 . 4 3 5 E - 0 2  3 . 0 0 6 E - 0 2  2 . 6 7 2 E - 0 2
2 . 4 0 5 E - 0 2  2 . 1 8 6 E - 0 2  2 . 0 0 4 E - 0 2  1 . 8 5 0 E - 0 2
4 . 0 3 8 E - 0 1  2 . 6 9 2 E - 0 1  2 . 0 1 9 E - 0 1  1 . 6 1 5 E - 0 1  1 . 3 4 6 E - 0 1  1 . 1 5 4 E - 0 1  1 . 0 1 0 E - 0 1  8 . 9 7 4 E - 0 2
8 . 0 7 7 E - 0 2  7 . 3 4 3 E- 0 2  6 . 7 3 1 E - 0 2  6 . 2 1 3 E - 0 2
1 . 1 3 5 1 4  7 . 5 6 8 E - 0 1  5 . 6 7 6 E - 0 1  4 . 5 4 1 E - 0 1  3 . 7 8 4 E - 0 1  3 . 2 4 3 E - 0 1  2 . 8 3 8 E - 0 1  2 . 5 2 3 E - 0 1  2 . 2 7 0 E -  
01 2 . 0 6 4 E - 0 1  1 . 8 9 2 E - 0 1  1 . 7 4 6 E - 0 1
2 . 7 6 9 4 8  1 . 8 4 6 3 2  1 . 3 8 4 7 4  1 . 1 0 7 7 9  9 . 2 3 2 E - 0 1  7 . 9 1 3 E - 0 1  6 . 9 2 4 E - 0 1  6 . 1 5 4 E - 0 1  5 . 5 3 9 E - 0 1  
5 . 0 3 5 E - 0 1  4 . 6 1 6 E - 0 1  4 . 2 6 1 E - 0 1
6 . 0 2 6 8 0  4 . 0 1 7 8 6  3 . 0 1 3 4 0  2 . 4 1 0 7 2  2 . 0 0 8 9 3  1 . 7 2 1 9 4  1 . 5 0 6 7 0  1 . 3 3 9 2 9  1 . 2 0 5 3 6  1 . 0 9 5 7 8
1 . 0 0 4 4 7  9 . 2 72E- 01
1 . 194E+01 7 . 9 6 1 5 6  5 . 9 7 1 1 7  4 . 7 7 6 9 4  3 . 9 8 0 7 8  3 . 4 1 2 1 0  2 . 9 8 5 5 9  2 . 6 5 3 8 5  2 . 3 8 8 4 7  2 . 1 7 1 3 4
1 . 9 9 0 3 9  1 . 8 3 7 2 8
2 . 189E+01 1 . 460E+01 1 . 0 9 5 E + 0 1  8 . 7 5 7 9 5  7 . 2 9 8 2 9  6 . 2 5 5 6 8  5 . 4 7 3 7 2  4 . 8 6 5 5 3  4 . 3 7 8 9 7
3 . 9 8 0 8 9  3 . 6 4 9 1 5  3 . 3 6 8 4 4
* k v t a b l e  4 ** K v a l u e  t a b l e  f o r  C6-10
5 . 8 5 0 4 E - 06 3 . 9 0 0 2 E - 0 6  2 . 9 2 5 2 E - 0 6  2 . 3 4 E - 0 6  1 . 9 5 E - 0 6  1 . 6 7 1 5 E - 0 6  1 . 4 6 2 6 E - 0 6  1 . 3 E - 0 6  
1 . 1 7 0 1 E - 0 6  1 . 063 7 E- 0 6  9 . 7 5 0 6 E - 0 7  9 . 0 E - 0 7
0 . 0 0 0 3 2 4 0 . 0 0 0 2 1 6 0 . 0 0 0 1 6 2 0 . 0 0 0 1 3 0 0 . 0 0 0 1 0 8 0 . 0 0 0 0 9 3 0 . 0 0 0 0 8 1 0 . 0 0 0 0 7 2
0 . 0 0 0 0 6 5 0 . 0 0 0 0 5 9 0 . 0 0 0 0 5 4 0 . 0 0 0 0 5 0
0 . 0 0 6 2 4 9 0 . 0 0 4 1 6 6 0 . 0 0 3 1 2 4 0 . 0 0 2 5 0 0 0 . 0 0 2 0 8 3 0 . 0 0 1 7 8 5 0 . 0 0 1 5 6 2 0 . 0 0 1 3 8 9
0 . 0 0 1 2 5 0 0 . 0 0 1 1 3 6 0 . 0 0 1 0 4 1 0 . 0 0 0 9 6 1
0 . 0 6 0 5 1 7 0 . 0 4 0 3 4 4 0 . 0 3 0 2 5 8 0 . 0 2 4 2 0 7 0 . 0 2 0 1 7 2 0 . 0 1 7 2 9 0 0 . 0 1 5 1 2 9 0 . 0 1 3 4 4 8
0 . 0 1 2 1 0 3 0 . 0 1 1 0 0 3 0 . 0 1 0 0 8 6 0 . 0 0 9 3 1 0
0 . 3 6 5 1 8 1 0 . 2 4 3 4 5 4 0 . 1 8 2 5 9 0 0 . 1 4 6 0 7 2 0 . 1 2 1 7 2 7 0 . 1 0 4 3 3 7 0 . 0 9 1 2 9 5 0 . 0 8 1 1 5 1
0 . 0 7 3 0 3 6 0 . 0 6 6 3 9 7 0 . 0 6 0 8 6 3 0 . 0 5 6 1 8 2
1 . 5 6 9 8 3 1 1 . 0 4 6 5 5 4 0 . 7 8 4 9 1 6 0 . 6 2 7 9 3 2 0 . 5 2 3 2 7 7 0 . 4 4 8 5 2 3 0 . 3 9 2 4 5 8 0 . 3 4 8 8 5 1
0 . 3 1 3 9 6 6 0 . 2 8 5 4 2 4 0 . 2 6 1 6 3 9 0 . 2 4 1 5 1 2
5 . 2 4 8 1  3 . 4 9 8 7  2 . 6 2 4 0  2 . 0 9 9 2  1 . 7 4 9 4  1 . 4 9 9 5  1 . 3 1 2 0  1 . 1 6 6 2  1 . 0 4 9 6  0 . 9 5 4 2  0 . 8 7 4 7
0 . 8 0 7 4
1 4 . 4 8 6 0  9 . 6 5 7 4  7 . 2 4 3 0  5 . 7 9 4 4  4 . 8 2 8 7  4 . 1 3 8 9  3 . 6 2 1 5  3 . 2 1 9 1  2 . 8 9 7 2  2 . 6 3 3 8  2 . 4 1 4 3  2 . 2 2 8 6
3 4 . 4 3 9 3  2 2 . 9 5 9 5  1 7 . 2 1 9 6  1 3 . 7 7 5 7  1 1 . 4 7 9 8  9 . 8 3 9 8  8 . 6 0 9 8  7 . 6 5 3 2  6 . 8 8 7 9  6 . 2 6 1 7  5 . 7 3 9 9
5 . 2 9 8 3
7 2 . 7 1 7 1  4 8 . 4 7 8 1  3 6 . 3 5 8 5  2 9 . 0 8 6 8  2 4 . 2 3 9 0  2 0 . 7 7 6 3  1 8 . 1 7 9 3  1 6 . 1 5 9 4  1 4 . 5 4 3 4  1 3 . 2 2 1 3
1 2 . 1 1 9 5  1 1 . 1 8 7 2
1 3 9 . 5 1 0 3  9 3 . 0 0 6 8  6 9 . 7 5 5 1  5 5 . 8 0 4 1  4 6 . 5 0 3 4  3 9 . 8 6 0 1  3 4 . 8 7 7 6  3 1 . 0 0 2 3  2 7 . 9 0 2 1  2 5 . 3 6 5 5
2 3 . 2 5 1 7  2 1 . 4 6 3 1
2 4 7 . 4 4 7 5  1 6 4 . 9 6 5 0  1 2 3 . 7 2 3 8  9 8 . 9 7 9 0  8 2 . 4 8 2 5  7 0 . 6 9 9 3  6 1 . 8 6 1 9  5 4 . 9 8 8 3  4 9 . 4 8 9 5  4 4 . 9 9 0 5
4 1 . 2 4 1 3  3 8 . 0 6 8 8
4 1 1 . 2 2 4  2 7 4 . 1 4 9 4  2 0 5 . 6 1 2  1 6 4 . 4 8 9 6  1 3 7 . 0 7 4 7  1 1 7 . 4 9 2 6  1 0 2 . 8 0 6  9 1 . 3 8 3  8 2 . 2 4 4 8  7 4 . 7 6 8
6 8 . 5 3 7 3  6 3 . 2 6 5 2
♦ k v t a b l e  5 ** K v a l u e  t a b l e  f o r  C l - 5
6 . 3122E- 06  4 . 2 0 8 1 E - 0 6  3 . 1 5 6 E - 0 6  2 . 5 2 4 9 E - 0 6  2 . 1 0 4 E - 0 6  1 . 8 0 3 5 E - 0 6  1 . 5 7 8 E - 0 6  1 . 4 0 2 7 E - 0 6
1 . 2 6 2 4 E - 0 6  1 . 14 77 E- 0 6  1 . 0 5 2 E - 0 6  9 . 7 1 1 E - 0 7
1 . 3 4 6 E - 0 3  8 . 9 73 3E- 04  6 . 7 3 E - 0 4  5 . 3 8 4 E - 0 4  4 . 4 8 6 6 E - 0 4  3 . 8 4 5 7 E - 0 4  3 . 3 6 5 E - 0 4  2 . 9 9 1 E - 0 4  
2 . 6 9 2 E - 0 4  2 . 4 4 7 3 E - 0 4  2 . 2 4 3 3 E - 0 4  2 . 0 7 0 8 E - 0 4
0 . 0 7 0 0  0 . 0 4 6 7  0 . 0 3 5 0  0 . 0 2 8 0  0 . 0 2 3 3  0 . 0 2 0 0  0 . 0 1 7 5  0 . 0 1 5 6  0 . 0 1 4 0  0 . 0 1 2 7  0 . 0 1 1 7
0 . 0 1 0 8
1 . 4 5 2 0  0 . 9 6 8 0  0 . 7 2 6 0  0 . 5 8 0 8  0 . 4 8 4 0  0 . 4 1 4 9  0 . 3 6 3 0  0 . 3 2 2 7  0 . 2 9 0 4  0 . 2 6 4 0  0 . 2 4 2 0
0 . 2 2 3 4
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1 6 . 0 1 6 0  1 0 . 6 7 7 3  8 . 0 0 8 0  6 . 4 0 6 4  5 . 3 3 8 7  4 . 5 7 6 0  4 . 0 0 4 0  3 . 5 5 9 1  3 . 2 0 3 2  2 . 9 1 2 0
2 . 6 6 9 3  2 . 4 6 4 0
1 1 2 . 3 0 8 8  7 4 . 8 7 2 5  5 6 . 1 5 4 4  4 4 . 9 2 3 5  3 7 . 4 3 6 3  3 2 . 0 8 8 2  2 8 . 0 7 7 2  2 4 . 9 5 7 5  2 2 . 4 6 1 8
2 0 . 4 1 9 8  1 8 . 7 1 8 1  1 7 . 2 7 8 3
5 6 2 . 9 0 6 7  3 7 5 . 2 7 1 1  2 8 1 . 4 5 3 3  2 2 5 . 1 6 2 7  1 8 7 . 6 3 5 6  1 6 0 . 8 3 0 5  1 4 0 . 7 2 6 7  1 2 5 . 0 9 0 4
1 1 2 . 5 8 1 3  1 0 2 . 3 4 6 7  9 3 . 8 1 7 8  8 6 . 6 0 1 0
2 1 8 4 . 4 6 1 5  1 4 5 6 . 3 0 7 6  1 0 9 2 . 2 3 0 7  8 7 3 . 7 8 4 6  7 2 8 . 1 5 3 8  6 2 4 . 1 3 1 8  5 4 6 . 1 1 5 4  4 8 5 . 4 3 5 9
4 3 6 . 8 9 2 3  3 9 7 . 1 7 4 8  3 6 4 . 0 7 6 9  3 3 6 . 0 7 1 0
6 9 4 4 . 6 1 6 4  4 6 2 9 . 7 4 4 3  3 4 7 2 . 3 0 8 2  2 7 7 7 . 8 4 6 6  2 3 1 4 . 8 7 2 1  1 9 8 4 . 1 7 6 1  1 7 3 6 . 1 5 4 1  1 5 4 3 . 2 4 8 1
1 3 8 8 . 9 2 3 3  1 2 6 2 . 6 5 7 5  1 1 5 7 . 4 3 6 1  1 0 6 8 . 4 0 2 5
1 8 8 4 2 . 7 1 0 9  1 2 5 6 1 . 8 0 7 3  9 4 2 1 . 3 5 5 4  7 5 3 7 . 0 8 4 4  6 2 8 0 . 9 0 3 6  5 3 8 3 . 6 3 1 7  4 7 1 0 . 6 7 7 7
4 1 8 7 . 2 6 9 1  3 7 6 8 . 5 4 2 2  3 4 2 5 . 9 4 7 4  3 1 4 0 . 4 5 1 8  2 8 9 8 . 8 7 8 6
4 4 9 8 4 . 4 2 8 7  2 9 9 8 9 . 6 1 9  2 2 4 9 2 . 2 1 4 4  1 7 9 9 3 . 7 7 1 5  1 4 9 9 4 . 8 0 9 6  1 2 8 5 2 . 6 9 3 9  1 1 2 4 6 . 1 0 7  9 9 9 6 . 5 3 9 7
8 9 9 6 . 8 8 5 7  8 1 7 8 . 9 8 7  7 4 9 7 . 4 0 4 8  6 9 2 0 . 6 8 1 3
9 6 7 0 4 . 9 3 6 9  6 4 4 6 9 . 9 5 8  4 8 3 5 2 . 4 6 8 5  3 8 6 8 1 . 9 7 4 8  3 2 2 3 4 . 9 7 9  2 7 6 2 9 . 9 8 2  2 4 1 7 6 . 2 3 4  2 1 4 8 9 . 9 8 6
1 9 3 4 0 . 9 8 7 4  1 7 5 8 2 . 7 1 5 8  1 6 1 1 7 . 4 8 9 5  1 4 8 7 7 . 6 8 2 6
1 9 0 5 7 4 . 1 0 8 4  1 2 7 0 4 9 . 4 0 5 6  9 5 2 8 7 . 0 5 4 2  7 6 2 2 9 . 6 4 3 4  6 3 5 2 4 . 7 0 2 8  5 4 4 4 9 . 7 4 5  4 7 6 4 3 . 5 2 7
4 2 3 4 9 . 8 0 1 9  3 8 1 1 4 . 8 2 1 7  3 4 6 4 9 . 8 3 7 9  3 1 7 6 2 . 3 5 1 4  2 9 3 1 9 . 0 9 3 6  
♦ k v t a b l e  6 ** K v a l u e  t a b l e  f o r  C02
2 . 4 9 1 4  1 . 6 6 0 9  1 . 2 4 5 7  0 . 9 9 6 6  0 . 8 3 0 5  0 . 7 1 1 8  0 . 6 2 2 9  0 . 5 5 3 6  0 . 4 9 8 3  0 . 4 5 3 0  0 . 4 1 5 2
0 . 3 8 3 3
6 . 8 2 4 9  4 . 5 5 0 0  3 . 4 1 2 5  2 . 7 3 0 0  2 . 2 7 5 0  1 . 9 5 0 0  1 . 7 0 6 2  1 . 5 1 6 7  1 . 3 6 5 0  1 . 2 4 0 9  1 . 1 3 7 5
I . 0 5 0 0
1 4 . 3 4 1 1  9 . 5 6 0 7  7 . 1 7 0 5  5 . 7 3 6 4  4 . 7 8 0 4  4 . 0 9 7 5  3 . 5 8 5 3  3 . 1 8 6 9  2 . 8 6 8 2  2 . 6 0 7 5
2 . 3 9 0 2  2 . 2 0 6 3
2 5 . 3 5 5 3  1 6 . 9 0 3 5  2 . 6 7 7 6  1 0 . 1 4 2 1  8 . 4 5 1 8  7 . 2 4 4 4  6 . 3 3 8 8  5 . 6 3 4 5  5 . 0 7 1 1  4 . 6 1 0 1
4 . 2 2 5 9  3 . 9 0 0 8
3 9 . 8 1 0 3  2 6 . 5 4 0 2  1 9 . 9 0 5 2  1 5 . 9 2 4 1  1 3 . 2 7 0 1  1 1 . 3 7 4 4  9 . 9 5 2 6  8 . 8 4 6 7  7 . 9 6 2 1  7 . 2 3 8 2
6 . 6 3 5 1  6 . 1 2 4 7
5 7 . 4 0 5 7  3 8 . 2 7 0 5  2 8 . 7 0 2 9  2 2 . 9 6 2 3  1 9 . 1 3 5 2  1 6 . 4 0 1 6  1 4 . 3 5 1 4  1 2 . 7 5 6 8  1 1 . 4 8 1 1
1 0 . 4 3 7 4  9 . 5 6 7 6  8 . 8 3 1 7
7 7 . 7 1 5 6  5 1 . 8 1 0 4  3 8 . 8 5 7 8  3 1 . 0 8 6 2  2 5 . 9 0 5 2  2 2 . 2 0 4 5  1 9 . 4 2 8 9  1 7 . 2 7 0 1  1 5 . 5 4 3 1
1 4 . 1 3 0 1  1 2 . 9 5 2 6  1 1 . 9 5 6 2
1 0 0 . 2 7 2 0  6 6 . 8 4 8 0  5 0 . 1 3 6 0  4 0 . 1 0 8 8  3 3 . 4 2 4 0  2 8 . 6 4 9 1  2 5 . 0 6 8 0  2 2 . 2 8 2 7  2 0 . 0 5 4 4
1 8 . 2 3 1 3  1 6 . 7 1 2 0  1 5 . 4 2 6 5
1 2 4 . 6 1 6 6  8 3 . 0 7 7 7  6 2 . 3 0 8 3  4 9 . 8 4 6 6  4 1 . 5 3 8 9  3 5 . 6 0 4 7  3 1 . 1 5 4 1  2 7 . 6 9 2 6  2 4 . 9 2 3 3
2 2 . 6 5 7 6  2 0 . 7 6 9 4  1 9 . 1 7 1 8
1 5 0 . 3 2 8 4  1 0 0 . 2 1 8 9  7 5 . 1 6 4 2  6 0 . 1 3 1 4  5 0 . 1 0 9 5  4 2 . 9 5 1 0  3 7 . 5 8 2 1  3 3 . 4 0 6 3  3 0 . 0 6 5 7
2 7 . 3 3 2 4  2 5 . 0 5 4 7  2 3 . 1 2 7 4
1 7 7 . 0 3 6 2  1 1 8 . 0 2 4 1  8 8 . 5 1 8 1  7 0 . 8 1 4 5  5 9 . 0 1 2 1  5 0 . 5 8 1 8  4 4 . 2 5 9 0  3 9 . 3 4 1 4  3 5 . 4 0 7 2
3 2 . 1 8 8 4  2 9 . 5 0 6 0  2 7 . 2 3 6 3
2 0 4 . 4 2 1 4  1 3 6 . 2 8 0 9  1 0 2 . 2 1 0 7  8 1 . 7 6 8 5  6 8 . 1 4 0 5  5 8 . 4 0 6 1  5 1 . 1 0 5 3  4 5 . 4 2 7 0  4 0 . 8 8 4 3
3 7 . 1 6 7 5  3 4 . 0 7 0 2  3 1 . 4 4 9 4
2 3 2 . 2 1 6 1  1 5 4 . 8 1 0 7  1 1 6 . 1 0 8 0  9 2 . 8 8 6 4  7 7 . 4 0 5 4  6 6 . 3 4 7 5  5 8 . 0 5 4 0  5 1 . 6 0 3 6  4 6 . 4 4 3 2
4 2 . 2 2 1 1  3 8 . 7 0 2 7  3 5 . 7 2 5 6
* k v t a b l e  7 ** K v a l u e  t a b l e  f o r  N2
2 7 . 0 1 8 8  1 8 . 0 1 2 5  1 3 . 5 0 9 4  1 0 . 8 0 7 5  9 . 0 0 6 3  7 . 7 1 9 7  6 . 7 5 4 7  6 . 0 0 4 2  5 . 4 0 3 8  4 . 9 1 2 5  4 . 5 0 3 1
4 . 1 5 6 7
3 8 . 0 4 8 3  2 5 . 3 6 5 5  1 9 . 0 2 4 1  1 5 . 2 1 9 3  1 2 . 6 8 2 8  1 0 . 8 7 0 9  9 . 5 1 2 1  8 . 4 5 5 2  7 . 6 0 9 7  6 . 9 1 7 9  6 . 3 4 1 4
5 . 8 5 3 6
4 8 . 9 6 4 5  3 2 . 6 4 3 0  2 4 . 4 8 2 2  1 9 . 5 8 5 8  1 6 . 3 2 1 5  1 3 . 9 8 9 8  1 2 . 2 4 1 1  1 0 . 8 8 1 0  9 . 7 9 2 9  8 . 9 0 2 6  8 . 1 6 0 7
7 . 5 3 3 0
5 9 . 4 2 2 5  3 9 . 6 1 5 0  2 9 . 7 1 1 3  2 3 . 7 6 9 0  1 9 . 8 0 7 5  1 6 . 9 7 7 9  1 4 . 8 5 5 6  1 3 . 2 0 5 0  1 1 . 8 8 4 5  1 0 . 8 0 4 1  9 . 9 0 3 8
9 . 1 4 1 9
6 9 . 2 6 3 8  4 6 . 1 7 5 9  3 4 . 6 3 1 9  2 7 . 7 0 5 5  2 3 . 0 8 7 9  1 9 . 7 8 9 7  1 7 . 3 1 6 0  1 5 . 3 9 2 0  1 3 . 8 5 2 8  1 2 . 5 9 3 4
I I . 5 4 4 0  1 0 . 6 5 6 0
7 8 . 4 3 4 0  5 2 . 2 8 9 3  3 9 . 2 1 7 0  3 1 . 3 7 3 6  2 6 . 1 4 4 7  2 2 . 4 0 9 7  1 9 . 6 0 8 5  1 7 . 4 2 9 8  1 5 . 6 8 6 8  1 4 . 2 6 0 7
1 3 . 0 7 2 3  1 2 . 0 6 6 8
8 6 . 9 3 4 5  5 7 . 9 5 6 3  4 3 . 4 6 7 2  3 4 . 7 7 3 8  2 8 . 9 7 8 2  2 4 . 8 3 8 4  2 1 . 7 3 3 6  1 9 . 3 1 8 8  1 7 . 3 8 6 9  1 5 . 8 0 6 3
1 4 . 4 8 9 1  1 3 . 3 7 4 5
9 4 . 7 9 5 2  6 3 . 1 9 6 8  4 7 . 3 9 7 6  3 7 . 9 1 8 1  3 1 . 5 9 8 4  2 7 . 0 8 4 3  2 3 . 6 9 8 8  2 1 . 0 6 5 6  1 8 . 9 5 9 0  1 7 . 2 3 5 5
1 5 . 7 9 9 2  1 4 . 5 8 3 9
1 0 2 . 0 5 9 2  6 8 . 0 3 9 5  5 1 . 0 2 9 6  4 0 . 8 2 3 7  3 4 . 0 1 9 7  2 9 . 1 5 9 8  2 5 . 5 1 4 8  2 2 . 6 7 9 8  2 0 . 4 1 1 8
1 8 . 5 5 6 2  1 7 . 0 0 9 9  1 5 . 7 0 1 4
1 0 8 . 7 7 4 1  7 2 . 5 1 6 1  5 4 . 3 8 7 1  4 3 . 5 0 9 7  3 6 . 2 5 8 0  3 1 . 0 7 8 3  2 7 . 1 9 3 5  2 4 . 1 7 2 0  2 1 . 7 5 4 8
1 9 . 7 7 7 1  1 8 . 1 2 9 0  1 6 . 7 3 4 5
1 1 4 . 9 8 7 6  7 6 . 6 5 8 4  5 7 . 4 9 3 8  4 5 . 9 9 5 1  3 8 . 3 2 9 2  3 2 . 8 5 3 6  2 8 . 7 4 6 9  2 5 . 5 5 2 8  2 2 . 9 9 7 5
2 0 . 9 0 6 8  1 9 . 1 6 4 6  1 7 . 6 9 0 4
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1 2 0 . 7 4 5 2  8 0 . 4 9 6 8  6 0 . 3 7 2 6  4 8 . 2 9 8 1  4 0 . 2 4 8 4  3 4 . 4 9 8 6  3 0 . 1 8 6 3  2 6 . 8 3 2 3  2 4 . 1 4 9 0  2 1 . 9 5 3 7
2 0 . 1 2 4 2  1 8 . 5 7 6 2
1 2 6 . 0 8 9 1  8 4 . 0 5 9 4  6 3 . 0 4 4 5  5 0 . 4 3 5 6  4 2 . 0 2 9 7  3 6 . 0 2 5 4  3 1 . 5 2 2 3  2 8 . 0 1 9 8  2 5 . 2 1 7 8  2 2 . 9 2 5 3
2 1 . 0 1 4 8  1 9 . 3 9 8 3
♦♦ R e f e r e n c e  c o n d i t i o n s
♦ p r s r  1 4 . 7  ♦ temr 77 * p s u r f  1 4 . 6 5  * t s u r f  62
**  ----- --— ===== ROCK-FLUID PROPERTIES
♦ r o c k f l u i d
* sw t ♦♦ W a t e e r - o i l  r e l a t i v e  p e r m e a b i l i t i e
♦♦ Sw Krw Krow
** ------
0 . 1 0 . 0 0 . 9
0 . 2 5 0 . 0 0 4 0 . 6
0 . 4 4 0 . 0 2 4 0 . 2 8
0 . 5 6 0 . 0 7 2 0 . 1 4 4
0 . 6 7 2 0 . 1 6 8 0 . 0 4 8
0 . 7 1 7 0 . 2 5 6 0 . 0
♦ s i t ♦♦ Li qu id -
♦♦ SI Krg Krog
** ------
0 . 2 1 0 . 4 8 4 0 . 0
0 . 3 2 0 . 3 4 8 0 . 0 1
0 . 4 0 . 2 8 8 0 . 0 2 4
0 . 4 7 2 0 . 1 8 4 0 . 0 5 2
0 . 5 8 0 . 0 8 6 0 . 1 5 2
0 . 6 8 0 . 0 2 4 0 . 2 7 2
0 . 7 9 8 0 . 0 0 6 0 . 4 4 8
0 . 8 0 0 0 . 0 0 . 9
♦♦ O v e r r i d e c r i t i c a l s a t u r a t i o n s  on t a b l e
♦♦ ♦swr 0 . 2 5 ♦sorw 0..25 ♦ s g r  0 . 1 2  ♦ s o r g  0 . 2
♦♦ ♦swr 0 . 2 5 ♦sorw 0.. 28 ♦ s g r  0 . 1 7  ♦ s o r g  0 . 2
i d - g a s  r e l a t i v e  p e r m e a b i l i t i e s
*swr 0 . 2 5  ♦ sor w 0 . 2 8  * s g r  0 . 2 0  ♦ s o r g  0 . 2
* *  = = = = = = = = = = = = = =
♦ i n i t i a l
* p r e s  ♦con 1 4 5 0 . 3 8  
1 4 5 0 . 3 8  p s i )
*sw *con 0 . 3 5  
* s o  ♦con 0 . 6 0  
♦temp ♦con 17 6.
INITIAL CONDITIONS
♦♦ h i g h  i n i t i a l  p r e s s u r e  100 b a r  ( 1 0 0 0 0  kPa o r
♦♦ S o i = 0 . 6 0  & S w i = 0 . 3 5  
♦♦ i n i t i a l  w a t e r  s a t u r a t i o n  i s  0 . 3 0  
♦♦ i n i t i a l  g a s  s a t u r a t i o n  i s  0 . 0 5  
♦♦ R e s e r v o i r  Bed Te mpe rat ure  80 oC ( 1 76  oF)
♦♦ Gas i n  t u b e  a t  t h e  i n i t i a l  c o n d i t i o n s  i s  N2 w i t h  s m a l l  c o n c e t r a t i o n  o f  C l - 5  
♦♦ a t  e q u i l i b r i u m  w i t h  t h e  l i q u i d  p e t r o l e u m  p h a s e .
♦ ♦  ' H 2 0 '
' C 0 2 ' ' N2' ' 0 2 '  'CO' 'COKE'
♦ m o l e f r a c  ♦ ga s  ♦con 4 ^ 0 . 0
0 . 0  0 . 9 9 7  0 . 0  0 . 0
' C 2 1 + ' ’C l l - 2 0 ‘ C6 -1 0 ' ’ C l - 5 1
0 . 0 0 3
♦♦ ♦ m o l e f r a c  ♦ ga s  ♦con 5 ^ 0 . 0  0 . 7 9  0 . 2 1  0 . 0
♦♦ I n i t i a l  p e t r o l e u m  p h a s e  f r a c t i o n  a r e : C 2 1 + = 0 . 35 87 55 4 8  C l l - 2 0 = 0 . 3 7 3 6 0 9 0 6
♦♦ C 6 - 1 0 = 0 . 1 9 29 32 9 2  C l - 5
= 0 . 0 7 4 7 0 2 5 5
♦♦ A f t e r  e q u i l i b i z a t i o n  w i t h  t h e  N2 g a s  p h a s e  t h e  N i t r o g e n  f r a c t i o n  i n  t h e  o i l  p h a s e  
i s  0 . 0 4  and
♦♦ t h e  h y d r oc a r b on  f r a c t i o n  a r e :  C21+ = 0 . 3 3 3 6 4 3  C l l - 2 0 = 0 . 34 74 5 7
♦♦ C6-10  = 0 . 1 7 9 4 2 7  C l - 5  = 0 . 0 6 9 4 7 3
♦♦ 1 2 3 4  5 6 7
8 9 10
♦♦ ' H20' 'C21+'  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C l - 5 '  ' C02'  'N2'
' 0 2 '  'CO' 'COKE'
♦ m o l e f r a c  ♦ o i l  ♦con 0 . 0  0 . 3 3 0 0 2 9  0 . 3 4 3 7 2 4  0 . 1 7 7 4 9 9  0 . 0 6 8 7 4 8  0 . 0  0 . 0 8
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** * m o l e f r a c  ♦ o i l  ♦con 0 . 0  0 . 3 5 8 7 5 4  0 . 3 7 3 6 0 8  0 . 1 9 2 9 3 2  0 . 0 7 4 7 0 2  0 . 0  0 . 0 4
* *
** ============== NUMERICAL c o n t r o l ======================
♦ n u m e r i c a l  ♦♦ A l l  t h e s e  c an be  d e f a u l t e d .  The d e f i n i t i o n s  
♦♦ h e r e  match t h e  p r e v i o u s  d a t a .
♦ ma x s t e p s  450 0 * n o r t h  10 * n e w to n cy c  29 * i t e r m a x  120  
♦ u n r e l a x  - 1  
♦ p i v o t  ♦on  
♦ p v t os c m ax  15
♦norm p r e s s  280 s a t u r  0 . 3 9  temp 250  
♦♦ ♦norm p r e s s  15 s a t u r  . 1  temp 40 y . 1  x  . 1  
♦♦ ♦ c o n v e r g e  p r e s s  . 15  s a t u r  . 00 2  temp . 5 y  . 0 0 2  x  . 00 2  
♦ c o n v e r g e
♦ p r e s s  4 . 3 5  
♦ s a t u r  0 . 0 4 9  
♦temp 1 . 7 9  
♦y 0 . 0 9  
♦x 0 . 0 9  
♦w 0 . 0 9  
♦ zo  0 . 0 4  
♦ z n c g  0 . 0 4  
♦za q 0 . 5  
♦ w e l l r e s  1 
♦ m a t b a l t o l  1
♦run
♦♦ ============== RECURRENT DATA ======================
t i m e  0 d t w e l l  . 0 0 0 5  
♦♦ t i m e  0 d t w e l l  . 00 5
w e l l  1 'INJECTOR' i n j e c t o r  1
o p e r a t e  g a s  1 6 . 6 4 1 6 3  ♦♦ I n j e c t i o n  Ra t e  1 6 . 6 4 1 6  f t 3 / h r  ( 7 8 5 3 . 9 8  cm3/min
/  60 SM3/M2 HR)
♦ ♦ T o t a l  i n j e c t i o n  f l u x  60 m3/m2hr
s t d
♦♦ 1 2 3 4 5 6
7 8 9 10
♦♦ ' H20' ' C21 +' ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C l - 5 '  ' C02'  'N2'  ' 0 2 '  'CO'
'COKE'
incomp g a s  6 # 0 . 0  0 . 7 9  0 . 2 1  0 . 0  ♦♦ A i r  i n j e c t i o n  21% 02 & 79% N2
t i n j o v  176  
p e r f  1 ♦♦ i  j k w i ( g a s )
1 1 9 5 : 9 6  0 . 1 4
♦♦ 1 1 64 0 . 1 4  ♦♦ 1 1  1 2 7 : 1 2 8  0 . 1 4
♦♦ 1 1 32 5 . 5 4
w e l l  2 'PRODUCER' p r o d u c e r  2 
OPERATE MAX LIQUID 0 . 0 2 0 6 5 9  
OPERATE BHP 1 5 0 0 . 3  
♦♦ o p e r a t e  bhp 1 45 0 .  
m o n i t o r  temp 1100  s t o p
g e o m e t r y  k - 1 1 1 0  ♦♦ L i n e a r  p r e s s u r e  d r op  a t  t u b e  end
p e r f  g e o  2 ♦♦ i  j  k
1 1 1
t i m e  . 0 1  ♦SHUTIN 2 
t i m e  .10  
t i m e  .15
t i m e  .4 ♦OPEN 2 
♦♦ h e a t r  i j k  1 1 128 662 ♦♦ Us e  e x t e r n a l  h e a t e r s  t o  r a i s e  t h e
t e m p e r a t u r e  
♦♦ h e a t r  i j k  1 1 64 500 ♦♦ Use  e x t e r n a l  h e a t e r s  t o  r a i s e  t h e  t e m p e r a t u r e
♦♦ h e a t r  i j k  1 1 63 500 ♦♦ Us e  e x t e r n a l  h e a t e r s  t o  r a i s e  t h e  t e m p e r a t u r e
h e a t r  i j k  1 1 96 500 ★ * Us e e x t e r n a l  h e a t e r s  t o  r a i s e  t h e  t e m p e r a t u r e
h e a t r  i j k  1 1 95 500 ** Us e e x t e r n a l  h e a t e r s  t o  r a i s e  t h e  t e m p e r a t u r e
h e a t r  i j k  1 1 94 500 ** Use  e x t e r n a l  h e a t e r s  t o  r a i s e  t h e  t e m p e r a t u r e
h e a t r  i j k  1 1 93 500 + * Use  e x t e r n a l  h e a t e r s  t o  r a i s e  t h e  t e m p e r a t u r e
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** h e a t r  i j k  1 1 128 500 ** Us e  e x t e r n a l  h e a t e r s  t o  r a i s e  t h e
t e m p e r a t u r e
** h e a t r  i j k  1 1 127 500 ** Use  e x t e r n a l  h e a t e r s  t o  r a i s e  t h e  t e m p e r a t u r e
** h e a t r  i j k  1 1 126 500 ** Use  e x t e r n a l  h e a t e r s  t o  r a i s e  t h e  t e m p e r a t u r e
** h e a t r  i j k  1 1 125 500 ** Use  e x t e r n a l  h e a t e r s  t o  r a i s e  t h e  t e m p e r a t u r e
t i m e  .6
h e a t r  c on  0 ** Sh u t  o f f  e x t e r n a l  h e a t e r s
t i m e  . 65
o u t s r f  g r i d  none  
t i m e  .7
o u t s r f  g r i d  none  
t i m e  .8
o u t s r f  g r i d  none  
t i m e  1
o u t s r f  g r i d  p r e s  sw s o  s g  temp y x  w s o l c o n c  o b h l o s s
masdenw masdeno masdeng pcow p c o g  v i s w  v i s o  v i s g  
krw k r o  kr g  k va l y w  k v a l y x  cmpdenw cmpdeno cmpvi sw  
c m p v i s o  c mp v i s g  c c h l o s s
t i m e  1 . 5
o u t s r f  g r i d  none  
t i m e  2
o u t s r f  g r i d  none
t i m e  2 . 0 2
PRODUCER 2
OPERATE MAX LIQUID 0 . 0 3 1 7 8 3  
o u t s r f  g r i d  none  
t i m e  2 . 5
o u t s r f  g r i d  none  
t i m e  2 . 7  
t i m e  2 . 8 6 7
PRODUCER 2
OPERATE MAX LIQUID 0 . 0 2 2 4 6  
o u t s r f  g r i d  none  
t i m e  3
o u t s r f  g r i d  none  
t i m e  3 . 2 1 7
PRODUCER 2
OPERATE MAX LIQUID 0 . 0 2 8 6 0 5  
o u t s r f  g r i d  none  
t i m e  3 . 3 8 3
PRODUCER 2 
OPERATE MAX LIQUID 0 . 0 1 9 2 8 2  
o u t s r f  g r i d  none  
t i m e  3 . 5
o u t s r f  g r i d  none  
t i m e  3 . 7 5  
t i m e  4
o u t s r f  g r i d  none
t i m e  4 . 5
o u t s r f  g r i d  none  
t i m e  5
o u t s r f  g r i d  p r e s  sw s o  s g  temp y x w s o l c o n c  o b h l o s s
masdenw masdeno masdeng pcow p c o g  v i s w  v i s o  v i s g  
krw kr o  kr g k va l yw  k v a l y x  cmpdenw cmpdeno cmpvi sw  
c m p v i s o  c m p vi sg  c c h l o s s
t i m e  5 . 3 5
PRODUCER 2 
OPERATE MAX LIQUID 0 . 0 2 3 4 5 6  
o u t s r f  g r i d  none  
s t o p
** DURATION OF THE EXPERIMENT 350 MIN. ( 5 . 8 3 3  HRS) 
t i m e  5 . 5
o u t s r f  g r i d  none  
s t o p
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** ID COMBUSTION TUBE TEST No.RUN-7 -  LIGHT AUSTRALIAN OIL 5 PSEUDO COMP.
★ ★  =  =  =  3 S S S S S S 3 = S 3 S S S S S  =  S S S S S S S  =  S  =  =  S S S S  =  S  =  S S B S S S S S S 3 S 3 S S S S a S S S S  =  =  =  =  =  =  =  E S  =  S  =  =  =  =
* *______________________________________________________________
** TUBE PRESURE 70 Bar s  - 5 HYDROCARBON PSEUDO COMPONENTS.
** 96 GRIDBLOCKS -AUSRALIAN CRUDE API38.
** DIRECT & INDIRECT COMBUSTION WITH CRACKING REACTIONS 
** Forward dr y  c o m b u s t i o n  i n  a 1 - d  v e r t i c a l  t u b e  i s  s i m u l a t e d .
** A i r  i s  i n j e c t e d  a t  t h e  t o p  o f  t h e  t u b e  a t  a  c o n s t a n t  r a t e .  F l u i d s  
** a r e  p r o d u ce d  a t  t h e  b o t t o m  o f  t h e  t u b e  a t  c o n s t a n t  b a c k - p r e s s u r e .
** S p e c i a l  F e a t u r e s :
* * 1) 
s o l i d .  
★ ★
5 h y d r o c a r b o n  c o mpone nt s :  t h r e e  l i q u i d  C21+,  C l l - 2 0 ,  C 6 - 1 0 ,  C2- 5 and one
S t o c k t a n k  s t a b i l i z e d  o i l  i s  u s e d  and CH4 c o m p o s i t i o n  i s  n e g l i g i b l e .
2) Two n o n - c o n d e n s i b l e  g a s e s :  o x y g e n  & CO g a s e s .
3)  F i v e  c o m b u s t i o n  r e a c t i o n s :
( a )  c r a c k i n g  o f  h e a v y  o i l  t o  l i g h t  o i l  and c o k e ,
( b)  C21+ h e a v y  o i l  b u r n i n g ,
( C )  C l l - 2 0  MEDIUM OIL BURNING,
(d)  C6- 10  l i g h t  o i l  b u r n i n g ,
( e )  COKE b u r n i n g .
B u r ni n g  p r o d u c e s  w a t e r  and C0+C02 m i x t u r e  ( C 0 2 / C 0 = l . 2 ) .
4 )  High i n i t i a l  p r e s s u r e  ( 100  b a r ,  10000  Kpa, 1 4 5 0 . 3 8  p s i a )  and 80 oF (176  oF)  
T e m p e r a t u r e .
** 5) I n j e c t i o n  end i s  h e a t e d  e x t e r n a l l y ,  i g n i t i o n  t e m p e r a t u r e  350 oC ( 662  o F ) .
** 6) p o r s i t y :  36.6% P e r m e a b i l i t y :  1004 mD
** 7)  Water  s a t u r a t i o n :  30% O i l  S a t u r a t i o n :  65% and











filename output index-out main-results-out ** Use default file names
♦ t i t l e l  ' ID LIGHT OIL COMBUSTION TUBE RUN7 - 7 0  BARS- 96 GRID BLOCKS' 
* t i t l e 2  'AUSTRALIAN CRUDE PVT CHARACTERIZATION - 5 PSEUDO COMPONENTS'
** h r s  i n s t e a d  o f  d ay s  
** f t 3  i n s t e a d  o f  b b l
♦ i n u n i t  f i e l d  e x c e p t  1 1 
e x c e p t  11 1 
♦OUTUNIT LAB
♦ ou t p r n  * g r i d  p r e s  sw s o  s g  temp y x  s o l c o n c  o b h l o s s  v i s o  
♦ ou tp rn  * w e l l  * a l l
♦ w r s t  300 *wprn * g r i d  300 *wprn * i t e r  300
o u t s r f  g r i d  p r e s  sw s o  s g  temp y x w s o l c o n c  o b h l o s s
masdenw masdeno masdeng pcow pc o g  v i s w  v i s o  v i s g  
krw kr o kr g  k v a l y w  k v a l y x  cmpdenw cmpdeno cmpvi sw  
c m p v i s o  c m p v i s g  c c h l o s s
b l k v a r temp 0 1 . ** t h i s t o r y , b l o c k  1
b l k v a r temp 0 2 ★ ★ n b l o c k  2
b l k v a r temp 0 4 ★ * n b l o c k  4
b l k v a r temp 0 6 ** it b l o c k  6
b l k v a r temp 0 8 * + R b l o c k  8
b l k v a r temp 0 10 ★ ★ It b l o c k  10
b l k v a r temp 0 12 If b l o c k  12
b l k v a r temp 0 14 ** If b l o c k  14
b l k v a r temp 0 16 ** n b l o c k  16
b l k v a r temp 0 18 ** n b l o c k  18
b l k v a r temp 0 20 ★ ★ if b l o c k  20
b l k v a r temp 0 22 ** n b l o c k  22
b l k v a r temp 0 24 ** n b l o c k  24
b l k v a r temp 0 26 ★ * tt b l o c k  26
b l k v a r temp 0 28 ** it b l o c k  28
b l k v a r temp 0 30 ** it b l o c k  30
b l k v a r temp 0 32 ** it b l o c k  32
b l k v a r temp 0 34 ★ ★ tt b l o c k  34
b l k v a r temp 0 36 *★ it b l o c k  36
b l k v a r temp 0 38 ** tt b l o c k  38
b l k v a r temp 0 40 ** it b l o c k  40
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b l k v a r temp 0 42
b l k v a r temp 0 44
b l k v a r temp 0 46
b l k v a r temp 0 48
b l k v a r temp 0 50
b l k v a r temp 0 52
b l k v a r temp 0 54
b l k v a r temp 0 56
b l k v a r temp 0 58
b l k v a r temp 0 60
b l k v a r temp 0 62
b l k v a r temp 0 64
b l k v a r temp 0 66
b l k v a r temp 0 68
b l k v a r temp 0 70
b l k v a r temp 0 72
b l k v a r temp 0 74
b l k v a r temp 0 76
b l k v a r temp 0 78
b l k v a r temp 0 80
b l k v a r temp 0 82
b l k v a r temp 0 84
b l k v a r temp 0 86
b l k v a r temp 0 88
b l k v a r temp 0 90
b l k v a r temp 0 92
b l k v a r temp 0 94
b l k v a r temp 0 96
a v g v a r temp 0
a v g v a r sw 0
a v g v a r s o 0
a v g v a r s g 0
b l k v a r sw 0 1
b l k v a r sw 0 2
b l k v a r sw 0 4
b l k v a r sw 0 6
b l k v a r sw 0 8
b l k v a r sw 0 10
b l k v a r sw 0 12
b l k v a r sw 0 14
b l k v a r sw 0 16
b l k v a r sw 0 18
b l k v a r sw 0 20
b l k v a r sw 0 22
b l k v a r sw 0 24
b l k v a r sw 0 26
b l k v a r sw 0 28
b l k v a r sw 0 30
b l k v a r sw 0 32
b l k v a r sw 0 34
b l k v a r sw 0 36
b l k v a r sw 0 38
b l k v a r sw 0 40
b l k v a r sw 0 42
b l k v a r sw 0 44
b l k v a r sw 0 46
b l k v a r sw 0 48
b l k v a r sw 0 50
b l k v a r sw 0 52
b l k v a r sw 0 54
b l k v a r sw 0 56
b l k v a r sw 0 58
b l k v a r sw 0 60
b l k v a r sw 0 62
b l k v a r sw 0 64
b l k v a r sw 0 66
b l k v a r sw 0 68
b l k v a r sw 0 70
b l k v a r sw 0 72
b l k v a r sw 0 74
* * n block 42
★ ★ n block 44
*  ★ ft block 46
* * n block 48
* * H block 50
* * n block 52
* * ir block 54
* * if block 56
* * if block 58
* * it block 60
* * n block 62
*  * it block 64
*★ X history,, block 66
* *  x history,, block 68
* *  x history,, block 70
* * n block 72
* * n block 74
* * it block 76
*  it it block 78
* * it block 80
* * ii block 82
* * n block 84
*  ★ it block 86
★ * it block 88
* * n block 90
* * IT block 92
* * it block 94
★ * it block 96
* *  average T i n  tube
★* a v e r a g e  sw i n  t u b e  
** a v e r a g e  s o  i n  t u b e  
** a v e r a g e  s g  i n  t u b e  
** Sw h i s t o r y ,  b l o c k  1
** Sw h i s t o r y ,  b l o c k  2
** Sw h i s t o r y ,  b l o c k  4
** Sw h i s t o r y ,  b l o c k  6
** Sw h i s t o r y , b l o c k  8
** Sw h i s t o r y b l o c k 10
** Sw h i s t o r y b l o c k 12
** Sw h i s t o r y b l o c k 14
** Sw h i s t o r y b l o c k 16
★ * Sw h i s t o r y b l o c k 18
** Sw h i s t o r y b l o c k 20
★ * Sw h i s t o r y b l o c k 22
★ ★ Sw h i s t o r y b l o c k 24
* ★ Sw h i s t o r y b l o c k 26
★ it Sw h i s t o r y b l o c k 28
it it Sw h i s t o r y b l o c k 30
it it Sw h i s t o r y b l o c k 32
it it Sw h i s t o r y b l o c k 34
it it Sw h i s t o r y b l o c k 36
it* Sw h i s t o r y b l o c k 38
it it Sw h i s t o r y b l o c k 40
it* Sw h i s t o r y b l o c k 42
itk Sw h i s t o r y b l o c k 44
* * Sw h i s t o r y b l o c k 46
* * Sw h i s t o r y b l o c k 48
** Sw h i s t o r y b l o c k 50
★ ★ Sw h i s t o r y b l o c k 52
** Sw h i s t o r y b l o c k 54
it it Sw h i s t o r y b l o c k 56
it* Sw h i s t o r y b l o c k 58
■kit Sw h i s t o r y b l o c k 60
kk Sw h i s t o r y b l o c k 62
kk Sw h i s t o r y b l o c k 64
kk Sw h i s t o r y b l o c k 66
kk Sw h i s t o r y b l o c k 68
kk Sw h i s t o r y b l o c k 70
kk Sw h i s t o r y b l o c k 72
kk Sw h i s t o r y b l o c k 74
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★ *  
* *
b l k v a r sw 0 76 ** Sw h i s t o r y , b l o c k 76
b l k v a r sw 0 78 ** Sw h i s t o r y , b l o c k 78
b l k v a r sw 0 80 ** Sw h i s t o r y , b l o c k 80
b l k v a r sw 0 82 ** Sw h i s t o r y , b l o c k 82
b l k v a r sw 0 84 ** Sw h i s t o r y , b l o c k 84
b l k v a r sw 0 86 ** Sw h i s t o r y , b l o c k 86
b l k v a r sw 0 88 ** Sw h i s t o r y , b l o c k 88
b l k v a r sw 0 90 ** Sw h i s t o r y , b l o c k 90
b l k v a r sw 0 92 * * Sw h i s t o r y , b l o c k 92
b l k v a r sw 0 94 * * Sw h i s t o r y , b l o c k 94
b l k v a r sw 0 96 * * Sw h i s t o r y , b l o c k 96
b l k v a r y 6 1 ** y ( C 0 2 ) , n
b l k v a r y 8 1 ★* y ( o x y g e n ) t
b l k v a r y 9 1 ** y(CO) , n
b l k v a r k r o  13 16 * * o i l  r e l  perm,  "
maxvar s o l c o n c  9 ★★ max c o k e  c o ne  i n  t u b e
m a t b a l  r e a c t i o n  1
m a t b a l  r e a c t i o n  2
m a t b a l  r e a c t i o n  e n e r g y
c c h l o s s
t f r o n t  400
t f r o n t  1200
t f r o n t  1200  backward
** n e t  r e a c t i o n  w a t e r
★★ n e t  r e a c t i o n  o i l
★* n e t  r e a c t i o n  o x yg e n
*★ n e t  cum h e a t  from h e a t e r s
★★ 400 d eg  f r o n t  p o s i t i o n
★★ 1200 de g  f r o n t  p o s i t i o n
★★ 1200 de g  backward f r o n t  p o s i t i o n
* PARTCLMLWT 1 3 . 6 ** COKE ( CHI . 6)  MOLECULAR WEIGHT IS 1 3 . 6
** ============== GRID AND RESERVOIR DEFINITION =================
** * g r i d  * c a r t  1 1 64 ** 64 b l o c k s  i n  t h e  K d i r e c t i o n  (normal  v e r t i c a l )
★gri d * v a r i  1 1 96 ★★ 96 b l o c k s  i n  t h e  K d i r e c t i o n  ( normal  v e r t i c a l )
*★ * g r i d  * c a r t  1 1 128 ★★ 128 b l o c k s  i n  t h e  K d i r e c t i o n  (normal  v e r t i c a l )
★* Tube I . D .  = 10 cm. C r o s s - s e c t i o n a l  a r e a  i s  p i * ( d / 2 ) * * 2  
★★ = 7 8 . 5 4  cm2 = L*L. s o  e q u i v a l e n t  b l o c k  s i d e  i s  
*★ L = 8 . 8 6 2 2 7  cm ( 0 . 2 8 7 0 8  f t ) .
★★ T o t a l  t u b e  l e n g t h  i s  125 cm;
★★ b l o c k  = 1 2 5 / 1 0 0 = 1 . 2 5  c m ( 0 . 06331  f t  f o r  64 g r i d  b l o c k s  o r  0 . 0 3 1 6 6  f t  f o r  128)  
★★ ( 0 . 0 4 2 2 0 8 3  f t  f o r  96 g r i d  b l o c k s )
★* ( 0 . 1 2 6 6 3  f t  f o r  32 g r i d  b l o c k s  o r  0 . 2 5 3 2 5  f t  f o r  16)
★ ★ * d i  *c on  0 . 2 8 7 0 8  *dj  *con 0 . 2 8 7 0 8  *dk *con 0 . 0 6 3 3 1
* d i  *con 0 . 2 8 7 0 8  
*dj  *c on  0 . 2 8 7 0 8  
*dk *con 0 . 0 4 2 2 0 8 3
** * d i  *con 0 . 2 8 7 0 8  *dj  *con 0 . 2 8 7 0 8  *dk *c on  0 . 0 3 1 6 6
*por  *con 0 . 3  66
** PERMEABILTY 1004 mD
★permi *con 1004
★permj * e q u a l s i
*permk * e q u a l s i
★END-GRID
★rockcp 3 5 . 0 2  
★thconr  1 
★thconw 0 . 3 6  
★thcono 0 . 0 7 7  
★thcong 0 . 0 8 3 3  
★cpc 4 . 0 6
** ============== FLUID DEFINITIONS ======================
★model 11 10 8 ★★ Number o f  n o n c o n d e n s i b l e  g a s e s  i s  numy-numx = 2
★★ Number o f  s o l i d  c ompone nt s  i s  ncomp-numy = 1 
★★ N2 & C02 s o l u b l e  i n  t h e  l i q u i d  p e t r o l e u m  p h a s e
★★ 02 & CO o n l y  t h e  g a s  p h a s e  i n s o l u b l e  i n  t h e  l i q u i d  p e t r o l e u m  p h a s e
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* compname 'H20'  'C21+'  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4' ' C02'  'N2'  ' 0 2 '  'C0"C0KE'
* *              ______
*cmm 18 3 0 0 . 1  1 6 0 . 4  1 0 7 . 7 8  6 0 . 9 3  1 6 . 0 4  4 4 . 0 1  2 8 . 0 1  32 2 8 . 0 1
♦ p c r i t  3155  2 0 3 . 3 4  3 2 6 . 1 7  3 7 8 . 3 4  5 3 9 . 2 2  6 6 5 . 4  1 0 7 1 . 0  500 730 5 0 7 . 5
♦ t c r i t  7 0 5 . 7  9 7 4 . 2 0  6 9 3 . 6 8  5 4 4 . 3 2  3 1 0 . 2  - 1 1 6 . 9 2  8 7 . 5 6  - 2 3 2 . 8 4  - 1 8 1 . 7 2  - 2 2 0 . 7 8




♦ a v i s c  
♦ b v i s c  
*molden  
*cp  
* c t l  
* *
♦♦ CHEMICAL REACTION 1 - C r a ck i n g :  C21+ ->  CH4 + Coke
♦compname 'H20'  'C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' ' C02'  'N2'  ' 0 2 '  'CO' 'COKE'
* *
♦ s t o r e a c  0 1  0 0 0 0 0 0 0
♦ s t o p r o d  0 0 0 0 0 4 . 3 8 0 4 7 9  0 0 0
♦ f r e q f a c  2 . 1 e 5  ♦ e a c t  2 5000  ♦ r e n t h  0
★ * -----------------------------------------------------------------------------------------------
♦♦ CHEMICAL REACTION 2 - C r a ck i n g:  C10-C20 - >  CH4 + Coke
♦compname 'H20'  'C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  'CH4' ' C02'  'N2'  ' 0 2 '
★ *
♦ s t o r e a c  0 0  1 0 0 0 0 0 0 0 0
♦ s t o p r o d  0 0 0 0 0 2 . 7 1 7 1 0 9  0 0 0 0 8 . 5 9 7 2 7 9
♦ f r e q f a c  2 . 0 e 5  ♦ e a c t  27000  ♦ r e n t h  0
* *  -----------------------------------------------------------------------------------------------------------------------------------------
♦♦ CHEMICAL REACTION 3-  Heavy O i l  Bu rn in g :  C21+ + 02 -> H20 + CO + e n e r g y
♦compname 'H20'  'C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' ' C02'  'N2'  ' 0 2 '  'CO' 'COKE'
★ *                     ____
♦ s t o r e a c  0 1 0 0  0 0 0 0  2 1 . 7 9 2 1 2  0 0
♦ s t o p r o d  2 2 . 2 9 1 1  0 0 0  0 0 0 0 0  2 1 . 2 9 3 1 5  0
♦ f r e q f a c  3 . 0 2 0 e l 0  ♦ e a c t  1 3500  ♦ r e n t h  1 0 2 9 3 . 9  
* * -----------------------------------------------------------------------------------------------
** CHEMICAL REACTION 4 -  Medium O i l  Bu r ni n g:  C11-C20 + 02 - > H20 + CO + e n e r g y
♦compname 'H20'  'C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' 'C02'  'N2'  ' 0 2 '  'CO' 'COKE'
★ *                 ____
♦ s t o r e a c  0 0 1  0 0 0 0 0  1 1 . 8 1 3 2 2  0 0
♦ s t o p r o d  1 2 . 3 1 2 0 4  0 0  0 0 0 0 0 0  1 1 . 3 1 4 3 9  0
♦ f r e q f a c  3 . 0 2 0 e l 0  ♦ e a c t  15 500  ♦ r e n t h  4 9 2 0 . 3
*  *  -----------------------------------------------------------------------------------------------------------------------------------------
♦♦ CHEMICAL REACTION 5-  L i g h t  O i l  B ur ni ng:  C6-C9 + 02  - > H20 + CO + e n e r g y
♦compname 'H20'  'C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' ' C02'  'N2'  ' 0 2 '  'CO' 'COKE'
**               ____
♦ s t o r e a c  0 0  0 1 0 0 0 0  7 . 9 1 3 8 5  0 0
♦ s t o p r o d  8 . 4 1 3 1 5  0 0 0 0 0 0 0 0  7 . 4 1 4 5 6  0
♦ f r e q f a c  3 . 0 2 0 e l 0  ♦ e a c t  15500 ♦ r e n t h  2 4 2 0 . 2
*  + -----------------------------------------------------------------------------------------------------------------------------------------
♦♦ CHEMICAL REACTION 6-  Hydrocarbon Gas B ur ni ng:  C2-C5 + 02 - >  H20 + CO + e n e r g y
♦compname 'H20'  'C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  'CH4' ' C02'  'N2'  ' 0 2 '  'CO' 'COKE'
**             ___
♦ s t o r e a c  0 0 0  0 1 0 0 0  4 . 7 0 9 6 5 4  0 0
♦ s t o p r o d  5 . 2 0 9 8 3  0 0  0 0 0 0 0 0  4 . 2 0 9 4 7 9  0
♦ f r e q f a c  3 . 0 2 0 e l 0  ♦ e a c t  1 5000  ♦ r e n t h  1 4 6 3 . 4
* *  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
♦♦ CHEMICAL REACTION 7-  Coke Bur ni ng :  Coke + 02 - >  H20 + C02 + e n e r g y
♦compname 'H20'  'C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' ' C02'  'N2'  ' 0 2 '  'CO' 'COKE'
* *
♦ s t o r e a c  0 0 0 0 0 0 0 0  1 . 4 0 1
♦ s t o p r o d  0 . 8  0 0 0 0 0 1 0  0 0 0
♦ f r e q f a c  3 . 0e 5  ♦ e a c t  5500 ♦ r e n t h  4 6 1 . 3
★★ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
♦♦ CHEMICAL REACTION 8 - Gas b u r n i n g :  CH4 + 202 - >  2H20 + C02 + e n e r g y
♦compname 'H20'  'C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' ' C02'  'N2'  ' 0 2 '  'CO' 'COKE'
★ *                     ____
♦ s t o r e a c  0 0 0 0 0 1 0 0  1 . 5 0 0
♦ s t o p r o d  2 0 0 0 0 0 0 0 0  1 0
"Numerical Simulation of In-Situ Combustion Processes in High Pressure Light and Medium Petroleum Reservoirs."
Appendix-III Simulation Data Hies of ID  & 3D Combustion Cell Experiments, John Tingas 9/3/2000
0 0 
0 1 6 . 9 1 2 6 7
' CO'  'COKE'
0 0 0 0 0
0 0 0 0 0
0 0 . 1 3 2 6 8 3  0 . 1 3 2 8 2 3  0 . 1 5 2 2 9 6  0 . 1 9 0 2 4 8
0 1 4 7 8 . 3 2  1 2 9 5 . 3 2  6 5 2 . 6 6  4 7 8 . 5 1
0 0 . 0 4 8 1  0 . 1 3 0 9  0 . 2 0 0 0  0 . 2 0 2 4
0 3 . 9 e - 6  4 e - 6  4 . 5 e - 6  5 e - 6
0 0 0 0 0
0 0 0 0 0
0 . 1 3 7 8 4 9  0 . 0 4 4 1 2 6  0 . 1 4 1 2 6 9  
2 0 5 . 4 5  1 0 4 0 . 5 4  1 6 2 . 5 4
0 . 4 0 2 4  0 . 6 6 2 3  0 . 6 9 4 4  ♦♦  LBMOLE/FT3
6 . 5 e - 6  7 e - 6  7 . 5 e - 6
1 . 4 e - 4  1 . 4 9 6 e - 4  1 . 9 5 8 e - 4  2 . 5 2 7 e - 4  2 . 6 4 9 e - 4  2 . 8 3 9 e - 4  2 . 8 3 9 e - 4
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* f r e q f a c  3 . 0 2 0 e l 0  * e a c t  59450 * r e n t h  5 0 2 . 5 3 3  ** R e a c t i o n  E n t h a l p y  BTU/ lbmol e
* *  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------
** CHEMICAL REACTION 9 - Carbon Monoxide  b u r n i n g :  CO + 0 . 5  02  - >  C02 + e n e r g y
*compname 'H20'  'C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2- 5 '  ' CH4' 'C02'  'N2'  ' 0 2 '  'CO' 'COKE'
★ *                     ____
♦ s t o r e a c  0 0 0 0 0 0 0 0  0 . 5 1 0
♦ s t o p r o d  0 0  0 0 0 0 1 0 0 0 0
♦ f r e q f a c  1 . 5 e 5  * e a c t  3250  * r e n t h  2 . 8 3 8 E 5  
★ *
* s o l d e n  4 . 4
** Pse udoc omponent  K v a l u e  t a b l e s  f o r  p r e s s u r e s  500 p s i  & 3250  p s i  100 F t o  1300 F b e  
100 de g i n t e r v a l s  
* k v t a b l i m  500 3250 100 1300
* k v t a b l e  2 ** K v a l u e  t a b l e  f o r  C21+ (AUS5PVTS.XLS)
1 . 223E-07 8 . 1 5 4 E - 0 8 6 . 1 1 5 E - 0 8 4 . 8 9 2 E - 0 8  4 . 077 E- 08 3 . 4 9 4 E - 0 8  3 . 0 5 8 E - 0 8 2 . 7 1 8 E 1 o CO
2 . 4 4 6 E - 0 8 2 . 2 2 4 E - 0 8 2 . 0 3 8 E - 0 8 1 . 882E-08
5 . 1 1 2 E - 0 6 3 . 4 0 8 E - 0 6 2 . 5 5 6 E - 0 6 2 . 0 4 5 E - 0 6  1 . 7 0 4 E - 0 6 1 . 4 6 1 E - 0 6  1 . 2 7 8 E - 0 6 1 . 1 3 6 E - 06
1 . 0 2 2 E - 0 6 9 . 2 9 5 E - 0 7 8 . 5 2 0 E - 0 7 7 . 865E-07
8 . 0 0 1 E - 0 5 5 . 3 3 4 E - 0 5 4 . 0 0 0 E - 0 5 3 . 2 0 0 E - 0 5  2 . 6 6 7 E - 0 5 2 . 2 86 E - 0 5  2 . 0 0 0 E - 0 5 1 . 7 7 8 E - 05
1 . 6 0 0 E - 0 5 1 . 4 5 5 E - 0 5 1 . 3 3 3 E - 0 5 1 . 2 3 1 E - 0 5
6 . 6 0 5 E - 0 4 4 . 4 03E- 04 3 . 3 0 2 E - 0 4 2 . 6 4 2 E - 0 4  2 . 2 0 2 E - 0 4 1 . 8 87E- 04  1 . 6 5 1 E - 0 4 L.468E- 04
1 . 3 2 1 E - 0 4 1 . 2 0 1 E - 0 4 1 . 1 0 1 E - 0 4 1 . 016E-04
3 . 5 1 2 E - 0 3 2 . 3 4 2 E - 0 3 1 . 7 5 6 E - 0 3 1 . 405E- 03  1 . 1 7 1 E - 0 3 1 . 0 0 4 E - 03 8 . 7 8 1 E - 0 4 7 . 8 0 5 E - 04
7 . 025E-04 6 . 3 8 6 E - 0 4 5 . 8 5 4 E - 0 4 5 . 4 0 4 E - 0 4
1 . 363E- 02 9 . 0 8 5 E - 0 3 6 . 8 1 4 E - 0 3 5 . 4 5 1 E - 0 3  4 . 5 4 3 E - 0 3 3 . 8 9 4 E - 03 3 . 4 0 7 E - 0 3 3 . 0 2 8 E - 03
2 . 7 2 6 E - 0 3 2 . 4 7 8 E - 0 3 2 . 2 7 1 E - 0 3 2 . 0 9 7 E - 0 3
4 . 1 8 5 E - 0 2 2 . 7 9 0 E - 0 2 2 . 0 9 3 E - 0 2 1 . 6 7 4 E - 0 2  1 . 3 9 5 E - 0 2 1 . 1 9 6 E - 0 2  1 . 0 4 6 E - 0 2 9 . 3 0 0 E - 03
8 . 3 7 0 E - 0 3 7 . 6 0 9 E - 0 3 6 . 975E- 03 6 . 4 3 9 E - 0 3
1 . 0 7 6 E - 0 1 7 . 1 7 1 E - 0 2 5 . 3 7 8 E - 0 2 4 . 3 0 2 E - 0 2  3 . 5 85E- 02 3 . 0 7 3 E - 0 2  2 . 6 8 9 E - 0 2 2 . 3 9 0 E - 02
2 . 1 5 1 E - 0 2 1 . 9 5 6 E - 0 2 1 . 7 9 3 E - 0 2 1 . 6 55E- 02
2 . 4 0 6 E - 0 1 1 . 6 0 4 E - 0 1 1 . 20 3E- 01 9 . 6 2 4 E - 0 2  8 . 0 2 0 E - 0 2 6 . 8 7 5 E- 0 2  6 . 0 1 5 E - 0 2 5 . 3 4 7 E - 02
4 . 8 1 2 E - 0 2 4 . 3 7 5 E - 0 2 4 . 0 10E -0 2 3 . 7 0 2 E - 02
4 . 8 2 0 E - 0 1 3 . 2 1 4 E - 0 1 2 . 4 1 0 E - 01 1 . 9 2 8 E - 0 1  1 . 6 0 7 E - 0 1 1 . 3 7 7 E- 0 1  1 . 205 E- 01 1 . 0 7 1 E - 01
9 . 641E- 02 8 . 7 6 4 E - 0 2 8 . 034 E- 02 7 . 416E- 02
8 . 834E- 01 5 . 88 9 E- 0 1 4 . 41 7E -0 1 3 . 53 4E- 01  2 . 9 4 5 E - 0 1 2 . 5 2 4 E - 0 1  2 . 20 8E- 01 1 . 9 6 3 E - 01
1 . 7 6 7 E - 0 1 1 . 6 06 E- 0 1 1 . 4 7 2 E - 0 1 1 . 359 E- 01 ,
1 . 5 0 4 9 6 1 . 0 0 3 3 1  7 . 5 2 5 E - 0 1  6 . 0 2 0 E - 0 1  5 . 0 1 7 E - 0 1  4 . 3 0 0 E - 0 1  3 . 7 6 2 E - 0 1  3 . 3 4 4 E - 0 1
3 . 010 E- 01 2 . 7 3 6E - 01 2 . 5 0 8 E - 0 1 2 . 315E- 01
2 . 4 1 3 3 0 1 . 6 0 8 8 6  1 . 2 0 6 6 5  9 . 6 5 3 E - 0 1  8 . 0 4 4 E - 0 1  6 . 8 9 5 E - 0 1  6 . 0 3 3 E - 0 1  5 . 3 6 3 E - 0 1
4 . 8 2 7 E - 0 1 4 . 3 8 8 E - 0 1 4 . 0 2 2 E - 0 1 3 . 7 13 E - 0 1
♦kvtable :3 ** K value table for C10-C20
2 . 0 4 9 E - 0 3 1 . 3 6 6 E - 03 1. 025E- 03  8 . 1 9 7 E - 0 4 6 . 8 3 1 E - 0 4  5. 855E- 04
5. 123E- 04 4 . 5 5 4 E - 0 4 4 . 0 9 8 E - 0 4  3. 726 E- 04  3 . 415E- 04
3 . 153E- 04
1 . 118E- 02 7 . 4 5 5 E - 03 5. 591E- 03  4 . 4 7 3 E - 0 3 3 . 72 7E- 03  3. 195 E- 03
2. 796 E- 03 2 . 4 8 5 E - 0 3 2 . 2 3 6 E - 0 3  2. 033 E- 03  1 . 8 6 4 E - 0 3
1. 720 E- 03
3 . 904E-02 2 . 6 0 3 E - 02 1. 952E- 02  1 . 5 6 2 E - 0 2 1 . 3 0 1 E - 0 2  1. 1 15 E- 02
9. 760 E- 03 8 . 6 7 6 E - 0 3 7 . 808E-03  7. 098E- 03  6 . 5 0 7 E - 0 3
6. 006E- 03
1 . 0 1 9 E - 0 1 6 . 7 9 5 E - 02 5. 096 E- 02  4 . 077 E- 02 3 . 3 9 7 E - 0 2  2. 912E- 02
2. 548E- 02 2 . 2 6 5 E - 0 2 2 . 0 3 8 E - 0 2  1. 8 53 E- 02  1 . 6 9 9 E - 0 2
1. 5 68 E- 02
2 . 178 E- 01 1 . 4 5 2 E - 01 1. 089 E- 01  8 . 7 1 4 E - 0 2 7 . 2 6 2 E - 0 2  6. 224 E- 02
5. 4 46 E- 02 4 . 8 4 1 E - 0 2 4 . 357E- 02  3. 9 61 E- 02  3 . 6 3 1 E - 0 2
3 . 35 2E- 02
4 . 0 3 5 E - 0 1 2 . 6 9 0 E - 01 2. 0 17 E- 01  1 . 6 1 4 E - 0 1 1 . 3 4 5 E - 0 1  1. 15 3E- 01
1. 0 09 E- 01 8 . 9 6 6 E - 0 2 8 . 0 6 9 E - 0 2  7. 3 36 E- 0 2  6 . 725 E- 02
6. 207 E- 02
6 . 719 E- 01 4 . 480E- 01 3. 3 60 E- 0 1  2 . 6 8 8 E - 0 1 2 . 2 4 0 E - 0 1  1 . 9 20E -0 1
1. 68 0E- 01 1 . 4 9 3 E - 0 1 1 . 3 4 4 E - 0 1  1. 2 22 E- 0 1  1 . 1 2 0 E - 0 1
1. 03 4E- 01
1 . 032E+00 6 . 8 8 0 E - 01 5. 1 60E -0 1 4 . 1 28 E- 0 1 3 . 4 4 0 E - 0 1  2. 949 E- 01
2. 58 0E- 0 1 2 . 2 9 3 E - 0 1 2 . 0 6 4 E - 0 1  1. 8 76E -0 1 1 . 7 2 0 E - 0 1
1 . 5 8 8 E - 0 1
"Numerical Simulation of In-Situ Combustion Processes in High Pressure Light and Medium Petroleum Reservoirs."
Appendix-Ill Simulation Data Files of ID & 3D Combustion Cell Experiments, John Tingas 9/3/2000
328
1 . 4 8 8 0 7 9 . 92 0E- 01  7 . 4 4 0 E - 0 1  5 . 9 5 2 E - 0 1  4 . 9 6 0 E - 0 1  4 . 2 5 2 E - 0 1
3 . 72 0E- 0 1  3 . 3 0 7 E - 0 1  2 . 9 7 6 E - 0 1  2 . 7 0 6 E - 0 1  2 . 4 8 0 E - 0 1
2 . 2 8 9 E - 0 1
2 . 0 4 0 7 8  1 . 3 6 0 5 2  1 . 0 2 0 3 9  0 . 8 1 6 3 1  6 . 803 E- 0 1  5 . 8 3 1 E - 0 1  5 . 1 0 2 E - 0 1  4 . 5 3 5 E - 0 1
4 . 0 82 E- 0 1  3 . 7 1 1 E - 0 1  3 . 4 0 1 E - 0 1  3 . 1 4 0 E - 0 1
2 . 6 8 7 7 2  1 . 7 9 1 8 1  1 . 3 4 3 8 6  1 . 0 7 5 0 9  0 . 8 9 5 9 1  0 . 7 6 7 9 2  0 . 6 7 1 9 3  0 . 5 9 7 2 7  0 . 5 3 7 5 4  0 . 4 8 8 6 8  0 . 4 4 7 9 5  
4 . 1 3 5 E - 0 1
3 . 4 2 4 2 2 2  2 . 2 8 2 8 1  1 . 7 1 2 1 1  1 . 3 6 9 6 9  1 . 1 4 1 4 1  0 . 9 7 8 3 5  0 . 8 5 6 0 6  0 . 7 6 0 9 4  0 . 6 8 4 8 4  0 . 6 2 2 5 9
0 . 5 7 0 7 0  0 . 5 2 6 8 0
4 . 2 4 4 1 2 7 4  2 . 8 2 9 4 1 8 3  2 . 1 2 2 0 6 3 7  1 . 6 9 7 6 5  1 . 4 1 4 7 1  1 . 2 1 2 6 1  1 . 0 6 1 0 3  0 . 9 4 3 1 4
0 . 8 4 8 8 3  0 . 7 7 1 6 6  0 . 7 0 7 3 5  0 . 6 5 2 9 4
* k v t a b l e  4 ** K v a l u e  t a b l e  f o r  C6-9
9 . 5 26 9E- 03  6 . 3 5 1 3 E - 0 3  4 . 7 6 3 5 E - 0 3  3 . 8 1 0 8 E - 0 3  3 . 1 7 5 6 E - 0 3  2 . 7 2 2 0 E - 0 3
2 . 3 817E- 03  2 . 1 1 7 1 E - 0 3  1 . 9 0 5 4 E - 0 3  1 . 7 3 2 2 E - 0 3  1 . 5 8 7 8 E - 0 3
1 . 4 6 5 7 E - 0 3
0 . 0 4 2 6 2 3  0 . 0 2 8 4 1 6  0 . 0 2 1 3 1 2  0 . 0 1 7 0 4 9  0 . 0 1 4 2 0 8  0 . 0 1 2 1 7 8
0 . 0 1 0 6 5 6  0 . 0 0 9 4 7 2  0 . 0 0 8 5 2 5  0 . 0 0 7 7 5 0  0 . 0 0 7 1 0 4
0 . 0 0 6 5 5 7
0 . 1 2 8 5 6 1  0 . 0 8 5 7 0 7  0 . 0 6 4 2 8 0  0 . 0 5 1 4 2 4  0 . 0 4 2 8 5 4  0 . 0 3 6 7 3 2
0 . 0 3 2 1 4 0  0 . 0 2 8 5 6 9  0 . 0 2 5 7 1 2  0 . 0 2 3 3 7 5  0 . 0 2 1 4 2 7
0 . 0 1 9 7 7 9
0 . 2 9 9 9 6 1  0 . 1 9 9 9 7 4  0 . 1 4 9 9 8 1  0 . 1 1 9 9 8 4  0 . 0 9 9 9 8 7  0 . 0 8 5 7 0 3
0 . 0 7 4 9 9 0  0 . 0 6 6 6 5 8  0 . 0 5 9 9 9 2  0 . 0 5 4 5 3 8  0 . 0 4 9 9 9 4
0 . 0 4 6 1 4 8
0 . 5 8 6 6 3 0  0 . 3 9 1 0 8 7  0 . 2 9 3 3 1 5  0 . 2 3 4 6 5 2  0 . 1 9 5 5 4 3  0 . 1 6 7 6 0 9  0 . 1 4 6 6 5 8  0 . 1 3 0 3 6 2
0 . 1 1 7 3 2 6  0 . 1 0 6 6 6 0  0 . 0 9 7 7 7 2  0 . 0 9 0 2 5 1
1 . 0 1 0 8 8 5  0 . 6 7 3 9 2 4  0 . 5 0 5 4 4 3  0 . 4 0 4 3 5 4  0 . 3 3 6 9 6 2  0 . 2 8 8 8 2 4  0 . 2 5 2 7 2 1  0 . 2 2 4 6 4 1
0 . 2 0 2 1 7 7  0 . 1 8 3 7 9 7  0 . 1 6 8 4 8 1  0 . 1 5 5 5 2 1
1 . 5 8 6 0  1 . 0 5 7 3  0 . 7 9 3 0  0 . 6 3 4 4  0 . 5 2 8 7  0 . 4 5 3 1  0 . 3 9 6 5  0 . 3 5 2 4  0 . 3 1 7 2  0 . 2 8 8 4  0 . 2 6 4 3
0 . 2 4 4 0
2 . 3 1 6 5  1 . 5 4 4 3  1 . 1 5 8 3  0 . 9 2 6 6  0 . 7 7 2 2  0 . 6 6 1 9  0 . 5 7 9 1  0 . 5 1 4 8  0 . 4 6 3 3  0 . 4 2 1 2  0 . 3 8 6 1
0 . 3 5 6 4
3 . 2 0 0 2  2 . 1 3 3 5  1 . 6 0 0 1  1 . 2 8 0 1  1 . 0 6 6 7  0 . 9 1 4 4  0 . 8 0 0 1  0 . 7 1 1 2  0 . 6 4 0 0  0 . 5 8 1 9  0 . 5 3 3 4
0 . 4 9 2 3
4 . 2 2 9 6  2 . 8 1 9 7  2 . 1 1 4 8  1 . 6 9 1 8  1 . 4 0 9 9  1 . 2 0 8 5  1 . 0 5 7 4  0 . 9 3 9 9  0 . 8 4 5 9  0 . 7 6 9 0  0 . 7 0 4 9
0 . 6 5 0 7
5 . 3 9 3 8  3 . 5 9 5 9  2 . 6 9 6 9  2 . 1 5 7 5  1 . 7 9 7 9  1 . 5 4 1 1  1 . 3 4 8 4  1 . 1 9 8 6  1 . 0 7 8 8  0 . 9 8 0 7  0 . 8 9 9 0
0 . 8 2 9 8
6 . 6 7 9 8  4 . 4 5 3 2  3 . 3 3 9 9  2 . 6 7 1 9  2 . 2 2 6 6  1 . 9 0 8 5  1 . 6 7 0 0  1 . 4 8 4 4  1 . 3 3 6 0  1 . 2 1 4 5  1 . 1 1 3 3
1 . 0 2 7 7
8 . 0 7 3 9  5 . 3 8 2 6  4 . 0 3 6 9  3 . 2 2 9 5  2 . 6 9 1 3  2 . 3 0 6 8  2 . 0 1 8 5  1 . 7 9 4 2  1 . 6 1 4 8  1 . 4 6 8 0  1 . 3 4 5 6
1 . 2 4 2 1
♦ k v t a b l e  5 ** K v a l u e  t a b l e  f o r  C2-5
1 . 1 5 1 2 E - 01 7 . 6 7 4 6 E - 0 2  5 . 7 5 6 0 E - 0 2  4 . 6 0 4 8 E - 0 2  3 . 8 3 7 3 E - 0 2  3 . 2 8 9 1 E - 0 2
2 . 8 7 8 0 E - 0 2  2 . 5 5 8 2 E - 0 2  2 . 3 0 2 4 E - 0 2  2 . 0 9 3 1 E - 0 2  1 . 9 1 8 7 E - 0 2
1 . 7 7 1 1 E - 0 2
3 . 9 8 6 3 E - 0 1  2 . 6 5 7 5 E - 0 1  1 . 9 9 3 2 E - 0 1  1 . 5 9 4 5 E - 0 1  1 . 3 2 8 8 E - 0 1  1 . 1 3 8 9 E - 0 1
9 . 9 6 5 8 E - 0 2  
6 . 132 8E- 02
8 . 8 5 8 5 E - 02 7 . 9 7 2 6 E - 02 7 . 2479E - 0 2 6 . 6 4 3 9 E - 02
0. 9955 0 . 6 6 3 7  0 . 4 9 7 8  
0 . 1 5 3 2
0 . 3 9 8 2 0 . 3 3 1 8 0 . 2 8 4 4 0 . 2 4 8 9 0 . 2 2 1 2 0 . 1 9 9 1 0 . 1 8 1 0 0 . 1 6 5 9
2. 0095 1 . 3 3 9 6  1 . 0 0 4 7  
0 . 3 0 9 1
0 . 8 0 3 8 0 . 6 6 9 8 0 . 5 7 4 1 0 . 5 0 2 4 0 . 4 4 6 5 0 . 4 0 1 9 0 . 3 6 5 4 0 . 3 3 4 9
3. 5040 2 . 3 3 6 0  1 . 7 5 2 0  
0 . 5 3 9 1
1 . 4 0 1 6 1 . 1 6 8 0 1 . 0 0 1 1 0 . 8 7 6 0 0 . 7 7 8 7 0 . 7 0 0 8 0 . 6 3 7 1 0 . 5 8 4 0
5. 5016 3 . 6 6 7 7  2 . 7 5 0 8  
0 . 8 4 6 4
2 . 2 0 0 6 1 . 8 3 3 9 1 . 5 7 1 9 1 . 3 7 5 4 1 . 2 2 2 6 1 . 1 0 0 3 1 . 0 0 0 3 0 . 9 1 6 9
7. 9915 5 . 3 2 7 7  3 . 9 9 5 8  
1 . 2 2 9 5
3 . 1 9 6 6 2 . 6 6 3 8 2 . 2 8 3 3 1 . 9 9 7 9 1 . 7 7 5 9 1 . 5 9 8 3 1 . 4 5 3 0 1 . 3 3 1 9
10 . 9 4 0 5  7 . 2 9 3 6  5 . 4 7 0 2  
1 . 6 8 3 1
4 . 3 7 6 2 3 . 6 4 6 8 3 . 1 2 5 8 2 . 7 3 5 1 2 . 4 3 1 2 2 . 1 8 8 1 1 . 9 8 9 2 1 . 8 2 3 4
14 . 3 0 1 5  9 . 5 3 4 3  7 . 1 5 0 8  
2 . 2 0 0 2
5 . 7 2 0 6 4 . 7 6 7 2 4 . 0 8 6 1 3 . 5 7 5 4 3 . 1 7 8 1 2 . 8 6 0 3 2 . 6 0 0 3 2 . 3 8 3 6
18 . 0 2 1 5  1 2 . 0 1 4 3  9 . 0 1 0 7  
2 . 7 7 2 5
7 . 2 0 8 6 6 . 0 0 7 2 5 . 1 4 9 0 4 . 5 0 5 4 4 . 0 0 4 8 3 . 6 0 4 3 3 . 2 7 6 6 3 . 0 0 3 6
22 . 0 4 5 8  1 4 . 6 9 7 2  1 1 . 0 2 2 9  8 . 8 1 8 3  
3 . 3 9 1 7
7 . 3 4 8 6 6 . 2 9 8 8 5 . 5 1 1 5 4 . 8 9 9 1 4 . 4 0 9 2 4 . 0 0 8 3 3 . 6 7 4 3
26 . 3 2 1 8  1 7 . 5 4 7 9  1 3 . 1 6 0 9  1 0 . 5 2 8 7  8 . 7 7 3 9  
4 . 0 4 9 5
7 . 5 2 0 5 6 . 5 8 0 4 5 . 8 4 9 3 5 . 2 6 4 4 4 . 7 8 5 8 4 . 38 70
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3 0 . 8 0 0 3  2 0 . 5 3 3 6  1 5 . 4 0 0 2  1 2 . 3 2 0 1  1 0 . 2 6 6 8  8 . 8 0 0 1  7 . 7 0 0 1  6 . 8 4 4 5  6 . 1 6 0 1  5 . 6 0 0 1  5 . 1 3 3 4
4 . 7 3 8 5
* k v t a b l e  6 ** K v a l u e  t a b l e  f o r  CH4
1 0 . 8 8 6 5  7 . 2 5 7 7  5 . 4 4 3 2  4 . 3 5 4 6  3 . 6 2 8 8  3 . 1 1 0 4  2 . 7 2 1 6  2 . 4 1 9 2  2 . 1 7 7 3  1 . 9 7 9 4  1 . 8 1 4 4
I . 6 7 4 8
1 8 . 0 1 4 4  1 2 . 0 0 9 6  9 . 0 0 7 2  7 . 2 0 5 8  6 . 0 0 4 8  5 . 1 4 7 0  4 . 5 0 3 6  4 . 0 0 3 2  3 . 6 0 2 9  3 . 2 7 5 4  3 . 0 0 2 4
2 . 7 7 1 5
2 6 . 1 0 9 2  1 7 . 4 0 6 1  1 3 . 0 5 4 6  1 0 . 4 4 3 7  8 . 7 0 3 1  7 . 4 5 9 8  6 . 5 2 7 3  5 . 8 0 2 0  5 . 2 2 1 8  4 . 7 4 7 1  4 . 3 5 1 5
4 . 0 1 6 8
3 4 . 7 1 2 3  2 3 . 1 4 1 5  1 7 . 3 5 6 1  1 3 . 8 8 4 9  1 1 . 5 7 0 8  9 . 9 1 7 8  8 . 6 7 8 1  7 . 7 1 3 8  6 . 9 4 2 5  6 . 3 1 1 3  5 . 7 8 5 4
5 . 3 4 0 4
4 3 . 4 9 1 5  2 8 . 9 9 4 3  2 1 . 7 4 5 8  1 7 . 3 9 6 6  1 4 . 4 9 7 2  1 2 . 4 2 6 1  1 0 . 8 7 2 9  9 . 6 6 4 8  8 . 6 9 8 3  7 . 9 0 7 5  7 . 2 4 8 6
6 . 6 9 1 0
5 2 . 2 2 1 6  3 4 . 8 1 4 4  2 6 . 1 1 0 8  2 0 . 8 8 8 6  1 7 . 4 0 7 2  1 4 . 9 2 0 5  1 3 . 0 5 5 4  1 1 . 6 0 4 8  1 0 . 4 4 4 3  9 . 4 9 4 8  8 . 7 0 3 6  
8 . 0 3 4 1
6 0 . 7 5 7 3  4 0 . 5 0 4 9  3 0 . 3 7 8 6  2 4 . 3 0 2 9  2 0 . 2 5 2 4  1 7 . 3 5 9 2  1 5 . 1 8 9 3  1 3 . 5 0 1 6  1 2 . 1 5 1 5  1 1 . 0 4 6 8  1 0 . 1 2 6 2  
9 . 3 4 7 3
6 9 . 0 0 9 7  4 6 . 0 0 6 5  3 4 . 5 0 4 9  2 7 . 6 0 3 9  2 3 . 0 0 3 2  1 9 . 7 1 7 1  1 7 . 2 5 2 4  1 5 . 3 3 5 5  1 3 . 8 0 1 9  1 2 . 5 4 7 2  1 1 . 5 0 1 6  
1 0 . 6 1 6 9
7 6 . 9 2 8 6  5 1 . 2 8 5 8  3 8 . 4 6 4 3  3 0 . 7 7 1 5  2 5 . 6 4 2 9  2 1 . 9 7 9 6  1 9 . 2 3 2 2  1 7 . 0 9 5 3  1 5 . 3 8 5 7  1 3 . 9 8 7 0  1 2 . 8 2 1 4
I I . 8 3 5 2
8 4 . 4 8 9 6  5 6 . 3 2 6 4  4 2 . 2 4 4 8  3 3 . 7 9 5 8  2 8 . 1 6 3 2  2 4 . 1 3 9 9  2 1 . 1 2 2 4  1 8 . 7 7 5 5  1 6 . 8 9 7 9  1 5 . 3 6 1 7  1 4 . 0 8 1 6  
1 2 . 9 9 8 4
9 1 . 6 8 5 0  6 1 . 1 2 3 4  4 5 . 8 4 2 5  3 6 . 6 7 4 0  3 0 . 5 6 1 7  2 6 . 1 9 5 7  2 2 . 9 2 1 3  2 0 . 3 7 4 5  1 8 . 3 3 7 0  1 6 . 6 7 0 0  1 5 . 2 8 0 8  
1 4 . 1 0 5 4
9 8 . 5 1 8 3  6 5 . 6 7 8 9  4 9 . 2 5 9 2  39 . 4073 32 . 8394 28 . 1 4 8 1  2 4 . 6 2 9 6  2 1 . 8 9 3 0  1 9 . 7 0 3 7  1 7 . 9 1 2 4  1 6 . 4 1 9 7
1 5 . 1 5 6 7
1 0 4 . 9 9 9 7  6 9 . 9 9 9 8  5 2 . 4 9 9 9  4 1 . 9 9 9 9  3 4 . 9 9 9 9  2 9 . 9 9 9 9  2 6 . 2 4 9 9  2 3 . 3 3 3 3  2 0 . 9 9 9 9  1 9 . 0 9 0 9
1 7 . 5 0 0 0  1 6 . 1 5 3 8  
* k v t a b l e  7 ** K v a l u e  t a b l e  f o r  C02
2 . 4 9 1 4  1 . 6 6 0 9  1 . 2 4 5 7  0 . 9 9 6 6  0 . 8 3 0 5  0 . 7 1 1 8  0 . 6 2 2 9  0 . 5 5 3 6  0 . 4 9 8 3  0 . 4 5 3 0  0 . 4 1 5 2
0 . 3 8 3 3
6 . 8 2 4 9  4 . 5 5 0 0  3 . 4 1 2 5  2 . 7 3 0 0  2 . 2 7 5 0  1 . 9 5 0 0  1 . 7 0 6 2  1 . 5 1 6 7  1 . 3 6 5 0  1 . 2 4 0 9  1 . 1 3 7 5
I . 0 5 0 0
1 4 . 3 4 1 1 9 . 5 6 0 7  7 . 1 7 0 5  5 . 7 3 6 4  4 . 7 8 0 4  4 . 0 9 7 5  3 . 5 8 5 3  3 . 1 8 6 9  2 . 8 6 8 2  2 . 6 0 7 5  2 . 3 9 0 2
2 . 2 0 6 3
2 5 . 3 5 5 3  1 6 . 9 0 3 5  1 2 . 6 7 7 6  1 0 . 1 4 2 1  8 . 4 5 1 8  7 . 2 4 4 4  6 . 3 3 8 8  5 . 6 3 4 5  5 . 0 7 1 1  4 . 6 1 0 1  4 . 2 2 5 9
3 . 9 0 0 8
3 9 . 8 1 0 3  2 6 . 5 4 0 2  1 9 . 9 0 5 2  1 5 . 9 2 4 1  1 3 . 2 7 0 1  1 1 . 3 7 4 4  9 . 9 5 2 6  8 . 8 4 6 7  7 . 9 6 2 1  7 . 2 3 8 2  6 . 6 3 5 1  
6 . 1 2 4 7
5 7 . 4 0 5 7  3 8 . 2 7 0 5  2 8 . 7 0 2 9  2 2 . 9 6 2 3  1 9 . 1 3 5 2  1 6 . 4 0 1 6  1 4 . 3 5 1 4  1 2 . 7 5 6 8  1 1 . 4 8 1 1  1 0 . 4 3 7 4  9 . 5 6 7 6  
8 . 8 3 1 7
7 7 . 7 1 5 6  5 1 . 8 1 0 4  3 8 . 8 5 7 8  3 1 . 0 8 6 2  2 5 . 9 0 5 2  2 2 . 2 0 4 5  1 9 . 4 2 8 9  1 7 . 2 7 0 1  1 5 . 5 4 3 1  1 4 . 1 3 0 1  1 2 . 9 5 2 6
I I . 9 5 6 2
1 0 0 . 2 7 2 0  6 6 . 8 4 8 0  5 0 . 1 3 6 0  4 0 . 1 0 8 8  3 3 . 4 2 4 0  2 8 . 6 4 9 1  2 5 . 0 6 8 0  2 2 . 2 8 2 7  2 0 . 0 5 4 4  1 8 . 2 3 1 3
1 6 . 7 1 2 0  1 5 . 4 2 6 5
1 2 4 . 6 1 6 6  8 3 . 0 7 7 7  6 2 . 3 0 8 3  4 9 . 8 4 6 6  4 1 . 5 3 8 9  3 5 . 6 0 4 7  3 1 . 1 5 4 1  2 7 . 6 9 2 6  2 4 . 9 2 3 3  2 2 . 6 5 7 6
2 0 . 7 6 9 4  1 9 . 1 7 1 8
1 5 0 . 3 2 8 4  1 0 0 . 2 1 8 9  7 5 . 1 6 4 2  6 0 . 1 3 1 4  5 0 . 1 0 9 5  4 2 . 9 5 1 0  3 7 . 5 8 2 1  3 3 . 4 0 6 3  3 0 . 0 6 5 7
2 7 . 3 3 2 4  2 5 . 0 5 4 7  2 3 . 1 2 7 4
1 7 7 . 0 3 6 2  1 1 8 . 0 2 4 1  8 8 . 5 1 8 1  7 0 . 8 1 4 5  5 9 . 0 1 2 1  5 0 . 5 8 1 8  4 4 . 2 5 9 0  3 9 . 3 4 1 4  3 5 . 4 0 7 2
3 2 . 1 8 8 4  2 9 . 5 0 6 0  2 7 . 2 3 6 3
2 0 4 . 4 2 1 4  1 3 6 . 2 8 0 9  1 0 2 . 2 1 0 7  8 1 . 7 6 8 5  6 8 . 1 4 0 5  5 8 . 4 0 6 1  5 1 . 1 0 5 3  4 5 . 4 2 7 0
4 0 . 8 8 4 3  3 7 . 1 6 7 5  3 4 . 0 7 0 2  3 1 . 4 4 9 4
2 3 2 . 2 1 6 1  1 5 4 . 8 1 0 7  1 1 6 . 1 0 8 0  9 2 . 8 8 6 4  7 7 . 4 0 5 4  6 6 . 3 4 7 5  5 8 . 0 5 4 0  5 1 . 6 0 3 6
4 6 . 4 4 3 2  4 2 . 2 2 1 1  3 8 . 7 0 2 7  3 5 . 7 2 5 6  
♦ k v t a b l e  8 ** K v a l u e  t a b l e  f o r  N2
2 7 . 0 1 8 8  1 8 . 0 1 2 5  1 3 . 5 0 9 4  1 0 . 8 0 7 5  9 . 0 0 6 3  7 . 7 1 9 7  6 . 7 5 4 7  6 . 0 0 4 2  5 . 4 0 3 8  4 . 9 1 2 5  4 . 5 0 3 1
4 . 1 5 6 7
3 8 . 0 4 8 3  2 5 . 3 6 5 5  1 9 . 0 2 4 1  1 5 . 2 1 9 3  1 2 . 6 8 2 8  1 0 . 8 7 0 9  9 . 5 1 2 1  8 . 4 5 5 2  7 . 6 0 9 7  6 . 9 1 7 9  6 . 3 4 1 4
5 . 8 5 3 6
4 8 . 9 6 4 5  3 2 . 6 4 3 0  2 4 . 4 8 2 2  1 9 . 5 8 5 8  1 6 . 3 2 1 5  1 3 . 9 8 9 8  1 2 . 2 4 1 1  1 0 . 8 8 1 0  9 . 7 9 2 9  8 . 9 0 2 6  8 . 1 6 0 7
7 . 5 3 3 0
5 9 . 4 2 2 5  3 9 . 6 1 5 0  2 9 . 7 1 1 3  2 3 . 7 6 9 0  1 9 . 8 0 7 5  1 6 . 9 7 7 9  1 4 . 8 5 5 6  1 3 . 2 0 5 0  1 1 . 8 8 4 5  1 0 . 8 0 4 1  9 . 9 0 3 8
9 . 1 4 1 9
6 9 . 2 6 3 8  4 6 . 1 7 5 9  3 4 . 6 3 1 9  2 7 . 7 0 5 5  2 3 . 0 8 7 9  1 9 . 7 8 9 7  1 7 . 3 1 6 0  1 5 . 3 9 2 0  1 3 . 8 5 2 8  1 2 . 5 9 3 4  1 1 . 5 4 4 0  
1 0 . 6 5 6 0
7 8 . 4 3 4 0  5 2 . 2 8 9 3  3 9 . 2 1 7 0  3 1 . 3 7 3 6  2 6 . 1 4 4 7  2 2 . 4 0 9 7  1 9 . 6 0 8 5  1 7 . 4 2 9 8  1 5 . 6 8 6 8  1 4 . 2 6 0 7  1 3 . 0 7 2 3  
1 2 . 0 6 6 8
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8 6 . 9 3 4 5  5 7 . 9 5 6 3  4 3 . 4 6 7 2  3 4 . 7 7 3 8  2 8 . 9 7 8 2  2 4 . 8 3 8 4  2 1 . 7 3 3 6  1 9 . 3 1 8 8  1 7 . 3 8 6 9  1 5 . 8 0 6 3  1 4 . 4 8 9 1  
1 3 . 3 7 4 5
9 4 . 7 9 5 2  6 3 . 1 9 6 8  4 7 . 3 9 7 6  3 7 . 9 1 8 1  3 1 . 5 9 8 4  2 7 . 0 8 4 3  2 3 . 6 9 8 8  2 1 . 0 6 5 6  1 8 . 9 5 9 0  1 7 . 2 3 5 5  1 5 . 7 9 9 2  
1 4 . 5 8 3 9
1 0 2 . 0 5 9 2  6 8 . 0 3 9 5  5 1 . 0 2 9 6  4 0 . 8 2 3 7  3 4 . 0 1 9 7  2 9 . 1 5 9 8  2 5 . 5 1 4 8  2 2 . 6 7 9 8  2 0 . 4 1 1 8  1 8 . 5 5 6 2
1 7 . 0 0 9 9  1 5 . 7 0 1 4
1 0 8 . 7 7 4 1  7 2 . 5 1 6 1  5 4 . 3 8 7 1  4 3 . 5 0 9 7  3 6 . 2 5 8 0  3 1 . 0 7 8 3  2 7 . 1 9 3 5  2 4 . 1 7 2 0  2 1 . 7 5 4 8  1 9 . 7 7 7 1
1 8 . 1 2 9 0  1 6 . 7 3 4 5
1 1 4 . 9 8 7 6  7 6 . 6 5 8 4  5 7 . 4 9 3 8  4 5 . 9 9 5 1  3 8 . 3 2 9 2  3 2 . 8 5 3 6  2 8 . 7 4 6 9  2 5 . 5 5 2 8  2 2 . 9 9 7 5  2 0 . 9 0 6 8
1 9 . 1 6 4 6  1 7 . 6 9 0 4
1 2 0 . 7 4 5 2  8 0 . 4 9 6 8  6 0 . 3 7 2 6  4 8 . 2 9 8 1  4 0 . 2 4 8 4  3 4 . 4 9 8 6  3 0 . 1 8 6 3  2 6 . 8 3 2 3  2 4 . 1 4 9 0  2 1 . 9 5 3 7
2 0 . 1 2 4 2  1 8 . 5 7 6 2
1 2 6 . 0 8 9 1  8 4 . 0 5 9 4  6 3 . 0 4 4 5  5 0 . 4 3 5 6  4 2 . 0 2 9 7  3 6 . 0 2 5 4  3 1 . 5 2 2 3  2 8 . 0 1 9 8  2 5 . 2 1 7 8  2 2 . 9 2 5 3
2 1 . 0 1 4 8  1 9 . 3 9 8 3
** R e f e r e n c e  c o n d i t i o n s
* p r s r  1 4 . 7  *temr 77 * p s u r f  1 4 . 6 5  * t s u r f  62
♦♦ ============== ROCK-FLOID PROPERTIES ======================
* r o c k f l u i d
♦ swt  ♦♦ W a t e e r - o i l  r e l a t i v e  p e r m e a b i l i t i e
Sw Krw Krow
0 . 1 0 . 0 0 . 9
0 . 2 5 0 . 0 0 4 0 . 6
0 . 4 4 0 . 0 2 4 0 . 2 8
0 . 5 6 0 . 0 7 2 0 . 1 4 4
0 . 6 7 2 0 . 1 6 8 0 . 0 4 8
0 . 7 1 7 0 . 2 5 6 0 . 0
* s l t  ♦♦ L i q u i d - g a s  r e l a t i v e  p e r m e a b i l i t i e s
♦♦ SI Krg Krog
** ------
0 . 2 1 0 . 4 8 4 0 . 0
0 . 3 2 0 . 3 4 8 0 . 0 1
0 . 4 0 . 2 8 8 0 . 0 2 4
0 . 4 7 2 0 . 1 8 4 0 . 0 5 2
0 . 5 8 0 . 0 8 6 0 . 1 5 2
0 . 6 8 0 . 0 2 4 0 . 2 7 2
0 . 7 9 8 0 . 0 0 6 0 . 4 4 8
0 . 8 0 0 0 . 0 0 . 9
♦♦ O v e r r i d e  c r i t i c a l  s a t u r a t i o n s  on t a b l e  
♦♦ ♦swr 0 . 2 5  ♦sorw 0 . 2 5  * s g r  0 . 1 2  * s o r g  0 . 2  
♦♦ ♦swr 0 . 2 5  *so rw 0 . 2 8  ♦ s g r  0 . 1 7  * s o r g  0 . 2  
*swr 0 . 2 5  *so rw 0 . 2 8  * s g r  0 . 2 0  ♦ s o r g  0 . 2
♦♦ ====------- -------- - INITIAL CONDITIONS------------ -—  =====-----------
♦ i n i t i a l
♦ p r e s  ♦con 1 0 1 5 . 2 7  ♦♦ h i g h  i n i t i a l  p r e s s u r e  70 b a r  ( 70 00  kPa o r  1 0 1 5 . 2 6 6
p s i )
♦♦ S o i = 0 . 4 1  & S w i = 0 . 5 0  
♦sw ♦con 0 . 5 0  ♦♦ i n i t i a l  w a t e r  s a t u r a t i o n  i s  0 . 5 0
♦ s o  ♦con 0 . 4 1  ♦♦ i n i t i a l  g a s  s a t u r a t i o n  i s  0 . 0 9
♦temp ♦con 1 4 5 . 4  ♦♦ R e s e r v o i r  Bed T e mp er at u re  63 oC ( 1 4 5 . 4  oF)
** _____________________________________________________________________
♦♦ Gas i n  t u b e  a t  t h e  i n i t i a l  c o n d i t i o n s  i s  N2 w i t h  s m a l l  c o n c e t r a t i o n  o f  C l - 5 
♦♦ a t  e q u i l i b r i u m  w i t h  t h e  l i q u i d  p e t r o l e u m  p h a s e .
♦♦ 1 2 3  4 5 6 7
9 10
♦♦ ' H20' ' C2 1+' ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' ' C02'  'N2'  ' 0 2 '  'CO'
♦ m o l e f r a c  ♦ ga s  ♦con 4 ^ 0 . 0  0 . 0 0 3  0 . 0  0 . 0  0 . 9 9 7  0.  0.
♦♦ ♦ m o l e f r a c  ♦ g a s  ♦con 5 # 0 . 0  0 . 7 9  0 . 2 1  0 . 0
♦♦ I n i t i a l  p e t r o l e u m  p h a s e  f r a c t i o n  a r e : C 2 1 + = 0 . 3 5 8 7 5 5 4 8  C l l - 2 0 = 0 . 3 73 6 0 9 0 6
♦♦ C 6 - 1 0 = 0 . 1 9293 292  C l - 5
= 0 . 0 7 4 7 0 2 5 5
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♦♦ A f t e r  e q u i l i b i z a t i o n  w i t h  t h e  N2 g a s  p h a s e  t h e  N i t r o g e n  f r a c t i o n  i n  t h e  o i l  p h a s e  
i s  0 . 0 4  and
♦♦ t h e  h y d r o c a r b o n  f r a c t i o n  a r e :  C21+ = 0 . 3 3 3 6 4 3  C l l - 2 0 = 0 . 3 4 7 4 5 7
♦♦ C6-10  = 0 . 1 7 9 4 2 7  C l - 5  = 0 . 0 6 9 4 7 3
** 1 2 3  4 5 6 7 8
9 10
♦♦ ' H20' 'C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' 'C02'  'N2'  ' 0 2 '  'CO'
'COKE'
♦MOLEFRAC *OIL *CON 0.  0 . 0 0 9 6  0 . 5 7 3 3  0 . 2 9 0 5  0 . 0 7 1 9  0 . 0 0 3 1  0.  0 . 0 6 1 2
** *MOLEFRAC *OIL *CON 0.  0 . 3 3 0 0 3  0 . 3 4 3 7 2 4  0 . 1 7 7 5  0 . 0 6 8 7 5  0.  0 . 0 8  0.
★ ★
**--- ======------   NUMERICAL CONTROL ====================—
♦ n u m e r i c a l  ♦♦ A l l  t h e s e  c an be  d e f a u l t e d .  The d e f i n i t i o n s
♦♦ h e r e  mat ch t h e  p r e v i o u s  d a t a .
♦DTMAX 0 . 0 0 1
♦ ma xs t ep s  45 00  ♦ n o r t h  10 * ne w to n cy c  29 * i t e r m a x  120  
♦ u n r e l a x  - 1  
♦ p i v o t  ♦on  
♦ p vt os cma x 15
♦norm p r e s s  280 s a t u r  0 . 3 9  temp 250
♦♦ ♦norm p r e s s  15 s a t u r  . 1  temp 40 y . 1  x  . 1
♦♦ ♦ c o n v e r g e  p r e s s  . 1 5  s a t u r  . 00 2  temp .5 y . 0 0 2  x  . 002
♦ c o n v e r g e
♦ p r e s s  4 . 3 5  
♦ s a t u r  0 . 0 4 9  
♦temp 1 . 7 9
♦y 0 . 0 9
♦x 0 . 0 9
♦w 0 . 0 9
♦z o  0 . 0 4
♦ z n c g  0 . 0 4  
♦ za q 0 . 5  
♦ w e l l r e s  1 
♦ m a t b a l t o l  1
♦run
♦♦ ============== RECURRENT DATA ======================
t i m e  0 d t w e l l  . 0 0 0 0 0 0 0 3  
♦♦ t i m e  0 d t w e l l  . 0 05
w e l l  1 'INJECTOR' i n j e c t o r  1
o p e r a t e  g a s  8 . 0 1 2 9 4  ♦♦ I n j e c t i o n  R a t e  8 . 1 2 9 4  f t 3 / h r  ( 37 82  cm3/min /
2 8 . 8 9  SM3/M2 HR)
♦ ♦ T o t a l  i n j e c t i o n  f l u x  2 8 . 8 9  m3/m2hr
s t d
♦♦ 1 2 3  4 5 6 7 8
9 10
♦♦ ' H20' ' C2 1+' ' C 1 0 - 2 0 ' ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' 'C02'  'N2'  ' 0 2 '  'CO'
'COKE'
incomp g a s  7 ^ 0 . 0  0 . 7 9  0 . 2 1  0 . 0  ♦♦ A i r  i n j e c t i o n  21% 02 & 79% N2
t i n j o v  1 4 5 . 4  
p e r f  1 ♦♦ i  j k w i ( g a s )
1 1 9 5 : 9 6  0 . 2 1
♦♦ 1 1 64 0 . 1 4  ♦♦ 1 1  1 2 7 : 1 2 8  0 . 1 4
♦♦ 1 1 32 5 . 5 4
w e l l  2 'PRODUCER' p r o d u c e r  2 
OPERATE MAX LIQUID 0 . 0 1 5 3  
OPERATE BHP 1 01 2 .  
m o n i t o r  temp 1100  s t o p
g e o m e t r y  k - 1 1 1 0  ♦♦ L i n e a r  p r e s s u r e  dr op a t  t u b e  end
p e r f  g e o  2 ♦♦ i  j k
1 1 1
t i m e  . 0 0 0 0 0 0 0 1
♦♦ h e a t r  i j k  1 1 128 662 ♦♦ Use  e x t e r n a l  h e a t e r s  t o  r a i s e  t h e
t e m p e r a t u r e
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* *  h e a t r  i j k  1 1 64 500 ★ ★ Use e x t e r n a l  h e a t e r s  t o  r a i s e t h e  t e m p e r a t u r e
* *  h e a t r  i j k  1 1 63 500 ** Use  e x t e r n a l  h e a t e r s  t o  r a i s e  t h e  t e m p e r a t u r e
h e a t r  i j k  1 1 96 500 ★ * Use e x t e r n a l  h e a t e r s  t o  r a i s e  t h e t e m p e r a t u r e
h e a t r  i j k  1 1 95 500 ** Use e x t e r n a l  h e a t e r s  t o  r a i s e  t h e t e m p e r a t u r e
h e a t r  i j k  1 1 94 500 * * Use e x t e r n a l  h e a t e r s  t o  r a i s e  t h e t e m p e r a t u r e
h e a t r  i j k  1 1 93 500 ★ * Use e x t e r n a l  h e a t e r s  t o  r a i s e  t h e t e m p e r a t u r e
** h e a t r  i j k  1 1 128 500 ★* u s e  e x t e r n a l  h e a t e r s  t o  r a i s e  t h e
t e m p e r a t u r e
** h e a t r  i j k  1 1 127 500 *★ Use e x t e r n a l  h e a t e r s  t o  r a i s e t h e  t e m p e r a t u r e
** h e a t r  i j k  1 1 126 500 ★ ★ Use e x t e r n a l  h e a t e r s  t o  r a i s e t h e  t e m p e r a t u r e
** h e a t r  i j k  1 1 125 500 ** Use  e x t e r n a l  h e a t e r s  t o  r a i s e t h e  t e m p e r a t u r e
t i m e  . 10  
t i m e  . 15
o u t s r f  g r i d  none  
t i m e  .393
h e a t r  con 0 ** S hut  o f f  e x t e r n a l  h e a t e r s
t i m e  . 396
PRODUCER 2
OPERATE MAX LIQUID 0 . 0 2 7 8  
o u t s r f  g r i d  none  
t i m e  .5
o u t s r f  g r i d  p r e s  sw s o  s g  temp y x w s o l c o n c  o b h l o s s
masdenw masdeno masdeng pcow pc o g  v i s w  v i s o  v i s g  
krw k r o  kr g  k v a l y w k v a l y x  cmpdenw cmpdeno cmpvi sw  
c m p v i s o  c m p v i s g  c c h l o s s
t i m e  . 6928
PRODUCER 2
OPERATE MAX LIQUID 0 . 0 2 2 9  
o u t s r f  g r i d  none  
t i m e  . 873 3
PRODUCER 2
OPERATE MAX LIQUID 0 . 0 2 3 6  
o u t s r f  g r i d  none  
t i m e  1.
o u t s r f  g r i d  p r e s  sw s o  s g  temp y x  w s o l c o n c  o b h l o s s
masdenw masdeno masdeng pcow pc o g  v i s w  v i s o  v i s g  
krw k ro  kr g  k va l y w  k v a l y x  cmpdenw cmpdeno cmpvi sw  
c m p v i s o  c m p v i s g  c c h l o s s
t i m e  1 . 1 4 4
INJECTOR 1
OPERATE GAS 4 . 1 6 0 4 1  
o u t s r f  g r i d  p r e s  sw s o  s g  temp y  x  w s o l c o n c  o b h l o s s
masdenw masdeno masdeng pcow pc o g  v i s w  v i s o  v i s g  
krw kr o  kr g k v a l y w k v a l y x  cmpdenw cmpdeno cmpvisw  
c m p v i s o  c m p v i s g  c c h l o s s
t i m e  1 . 0 6
PRODUCER 2
OPERATE MAX LIQUID 0 . 0 3 7 4  
o u t s r f  g r i d  none  
t i m e  1 . 2 8 9
PRODUCER 2
OPERATE MAX LIQUID 0 . 0 6 9 7  
o u t s r f  g r i d  none  
t i m e  1 . 4 3 2 3
PRODUCER 2
OPERATE MAX LIQUID 0 . 0 1 4 3  
o u t s r f  g r i d  none  
t i m e  1 . 5
o u t s r f  g r i d  p r e s  sw s o  s g  temp y x w s o l c o n c  o b h l o s s
masdenw masdeno masdeng pcow pc o g  v i s w  v i s o  v i s g  
krw kr o  kr g  k v a l y w k v a l y x  cmpdenw cmpdeno cmpvi sw  
c m p v i so  c m p v i sg  c c h l o s s
t i m e  1 . 8 4
PRODUCER 2
OPERATE MAX LIQUID 0 . 0 7 5 5  
o u t s r f  g r i d  none  
t i m e  2.
o u t s r f  g r i d  p r e s  sw s o  s g  temp y x  w s o l c o n c  o b h l o s s
masdenw masdeno masdeng pcow pc o g  v i s w  v i s o  v i s g  
krw k r o  kr g  k va l yw  k v a l y x  cmpdenw cmpdeno cmpvisw
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c m pv i so  c mp v i s g  c c h l o s s
t i m e  2 . 0 5
PRODUCER 2
OPERATE MAX LIQUID 0 . 1 0 5 3  
o u t s r f  g r i d  none  
t i m e  2 . 2 2 4 2
PRODUCER 2
OPERATE MAX LIQUID 0 . 0 9 5 6  
o u t s r f  g r i d  none  
t i m e  2 . 3 3 1
INJECTOR 1
OPERATE GAS 1 1 . 0 9 4 4 2  
o u t s r f  g r i d  none  
t i m e  2 . 5
o u t s r f  g r i d  p r e s  sw s o  s g  temp y x  w s o l c o n c  o b h l o s s
masdenw masdeno masdeng pcow pc o g  v i s w  v i s o  v i s g  
krw k ro  kr g k va l y w  k v a l y x  cmpdenw cmpdeno cmpvisw  
c m p vi s o  c mp v i s g  c c h l o s s
t i m e  2 . 8 5
o u t s r f  g r i d  p r e s  sw s o  s g  temp y x w s o l c o n c  o b h l o s s
masdenw masdeno masdeng pcow pc o g  v i s w  v i s o  v i s g  
krw kr o  kr g k va l y w  k v a l y x  cmpdenw cmpdeno cmpvi sw  
c m p v i so  c m p vi sg  c c h l o s s
s t o p
** DURATION OF THE EXPERIMENT 171 MIN. ( 2 . 8 5  HRS)
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** ID COMBUSTION TUBE TEST NO.RUN-8A- LIGHT AUSTRALIAN OIL 5 PSEUDO COMP.
* *______________________________________________________________
** TUBE PRESURE 70 Ba rs  - 5 HYDROCARBON PSEUDO COMPONENTS.
** AUSRALIAN CRUDE API38.  Forward dr y  c o m b u s t i o n  i n  a 1 - d  v e r t i c a l  t u b e  i s  
s i m u l a t e d .
** CRACKING REACTIONS
* *  Forward d r y  c o m b u s t i o n  i n  a 1 - d  v e r t i c a l  t u b e  i s  s i m u l a t e d .
* *  A i r  i s  i n j e c t e d  a t  t h e  t o p  o f  t h e  t u b e  a t  a c o n s t a n t  r a t e .  F l u i d s
* *  a r e  p r o d u c e d  a t  t h e  b o t t o m o f  t h e  t u b e  a t  c o n s t a n t  b a c k - p r e s s u r e .
** S p e c i a l  F e a t u r e s :
** 1)  5 h yd r o c a r b o n  c ompone nt s:  t h r e e  l i q u i d  C21+,  C l l - 2 0 ,  C6 - 10 ,  C2-5  and on e
s o l i d .
** S t o c k t a n k  s t a b i l i z e d  o i l  i s  u s e d  and CH4 c o m p o s i t i o n  i s  n e g l i g i b l e .
* *  2)  Two n o n - c o n d e n s i b l e  g a s e s :  o x y g e n  & CO g a s e s .
** 3) F i v e  c o m b u s t i o n  r e a c t i o n s :
** ( a)  c r a c k i n g  o f  h e av y  o i l  t o  l i g h t  o i l  and c o k e ,
* *  (b)  C21+ h e a v y  o i l  b u r n i n g ,
** ( C )  C l l - 2 0  MEDIUM OIL BURNING,
** (d)  C6 -10  l i g h t  o i l  b u r n i n g ,
** ( e )  COKE b u r n i n g .
** Bu r ni n g  p r o d u c e s  w a t e r  and C0+C02 m i x t u r e  ( C 0 2 / C 0 = 1 . 2 ) .
** 4) High i n i t i a l  p r e s s u r e  ( 100  b a r ,  1 0000  Kpa,  1 4 5 0 . 3 8  p s i a )  and 80 OF (176  OF)
T e m p e r a t u r e .
** 5) I n j e c t i o n  end i s  h e a t e d  e x t e r n a l l y ,  i g n i t i o n  t e m p e r a t u r e  350 oC ( 662  o F ) .
** 6) p o r s i t y :  36.6% P e r m e a b i l i t y :  1004 mD
** 7) Water s a t u r a t i o n :  30% O i l  S a t u r a t i o n :  65% and
** 5% g a s  s a t u r a t i o n  assumed n i t r o g e n  t h e  i n t i a l  c o n d i t i o n s .
** ============== INPUT/OUTPUT CONTROL ======================
f i l e n a m e  o u t p u t  i n d e x - o u t  m a i n - r e s u l t s - o u t  ** Us e  d e f a u l t  f i l e  names
* t i t l e l  ' ID LIGHT OIL COMBUSTION TUBE TEST RUN No. 8A-70 BARS'
* t i t l e 2  'AUSTRALIAN CRUDE PVT CHARACTERIZATION - 5 PSEUDO COMPONENTS'
* i n u n i t  f i e l d  e x c e p t  1 1  ** h r s  i n s t e a d  o f  d ay s  
e x c e p t  11 1 ** f t 3  i n s t e a d  o f  b b l
*OUTUNIT LAB
* o u t p rn  * g r i d  p r e s  sw s o  s g  temp y  x  s o l c o n c  o b h l o s s  v i s o
* o u t p rn  * w e l l  * a l l
* w r s t  300 *wprn * g r i d  300 *wprn * i t e r  300
o u t s r f  g r i d  p r e s  sw s o  s g  temp y x  w s o l c o n c  o b h l o s s
masdenw masdeno masdeng pcow pc o g  v i s w  v i s o  v i s g  
krw kr o  kr g kv a l y w k v a l y x  cmpdenw cmpdeno cmpvisw  
c m p v i s o  c m p vi sg  c c h l o s s
b l k v a r temp 0 1 ** »p h i s t o r y / b l o c k  1
b l k v a r temp 0 2 ** n b l o c k  2
b l k v a r temp 0 4 ** n b l o c k  4
b l k v a r temp 0 6 ** if b l o c k  6
b l k v a r temp 0 8 ** n b l o c k  8
b l k v a r temp 0 10 ** if b l o c k  10
b l k v a r temp 0 12 ** n b l o c k  12
b l k v a r temp 0 14 ** n b l o c k  14
b l k v a r temp 0 16 ** n b l o c k  16
b l k v a r temp 0 18 ★ ★ IV b l o c k  18
b l k v a r temp 0 20 *★ n b l o c k  20
b l k v a r temp 0 22 ** n b l o c k  22
b l k v a r temp 0 24 ** n b l o c k  24
b l k v a r temp 0 26 ★ ★ n b l o c k  26
b l k v a r temp 0 28 ** if b l o c k  28
b l k v a r temp 0 30 ** n b l o c k  30
b l k v a r temp 0 32 ** it b l o c k  32
b l k v a r temp 0 34 ** n b l o c k  34
b l k v a r temp 0 36 ** if b l o c k  36
b l k v a r temp 0 38 ** if b l o c k  38
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b l k v a r temp 0 40 ** » b l o c k  40
b l k v a r temp 0 42 ** ■ b l o c k  42
b l k v a r temp 0 44 ** » b l o c k  44
b l k v a r temp 0 46 ** » b l o c k  46
b l k v a r temp 0 48 ** » b l o c k  48
b l k v a r temp 0 50 ** w b l o c k  50
b l k v a r temp 0 52 ** * b l o c k  52
b l k v a r temp 0 54 ** " b l o c k  54
b l k v a r temp 0 56 ** " b l o c k  56
b l k v a r temp 0 58 ** * b l o c k  58
b l k v a r temp 0 60 ★ * ■ b l o c k  60
b l k v a r temp 0 62 ** » b l o c k  62
b l k v a r temp 0 64 ** » b l o c k  64
b l k v a r temp 0 66 ** T h i s t o r y ,  b l o c k  66
b l k v a r temp 0 68 ** T h i s t o r y ,  b l o c k  68
b l k v a r temp 0 70 ** T h i s t o r y ,  b l o c k  70
b l k v a r temp 0 72 ** » b l o c k  72
b l k v a r temp 0 74 ** » b l o c k  74
b l k v a r temp 0 76 ** ■ b l o c k  76
b l k v a r temp 0 78 * *  » b l o c k  78
b l k v a r temp 0 80 ** ■ b l o c k  80
b l k v a r temp 0 82 ** ■ b l o c k  82
b l k v a r temp 0 84 ★* » b l o c k  84
b l k v a r temp 0 86 ** ■ b l o c k  86
b l k v a r temp 0 88 ** » b l o c k  88
b l k v a r temp 0 90 ★* » b l o c k  90
b l k v a r temp 0 92 ★* ■ b l o c k  92
b l k v a r temp 0 94 *★ » b l o c k  94
b l k v a r temp 0 96 ** » b l o c k  96
a v g v a r temp 0 ** a v e r a g e  T i n  t u b e
a v g v a r sw 0 * *  a v e r a g e  sw i n  t u b e
a v g v a r s o  0 * *  a v e r a g e  s o  i n  t u b e
a v g v a r s g  0 ** a v e r a g e  s g i n  t u b e
b l k v a r sw 0 1 ** Sw h i s t o r y , b l o c k  1
b l k v a r sw 0 2 ** Sw h i s t o r y , b l o c k  2
b l k v a r sw 0 4 ** Sw h i s t o r y , b l o c k  4
b l k v a r sw 0 6 ** Sw h i s t o r y , b l o c k  6
b l k v a r sw 0 8 ** Sw h i s t o r y , b l o c k  8
b l k v a r sw 0 10 ** Sw h i s t o r y , b l o c k  10
b l k v a r sw 0 12 ** Sw h i s t o r y , b l o c k  12
b l k v a r sw 0 14 ** Sw h i s t o r y , b l o c k  14
b l k v a r sw 0 16 ** Sw h i s t o r y , b l o c k  16
b l k v a r sw 0 18 ** Sw h i s t o r y , , b l o c k  18
b l k v a r sw 0 20 ** Sw h i s t o r y , , b l o c k  20
b l k v a r sw 0 22 ** Sw h i s t o r y , , b l o c k  22
b l k v a r sw 0 24 ** Sw h i s t o r y , , b l o c k  24
b l k v a r sw 0 26 ** Sw h i s t o r y , , b l o c k  26
b l k v a r sw 0 28 ** Sw h i s t o r y , , b l o c k  28
b l k v a r sw 0 30 * *  Sw h i s t o r y , , b l o c k  30
b l k v a r sw 0 32 ** Sw h i s t o r y , , b l o c k  32
b l k v a r sw 0 34 ** Sw h i s t o r y , , b l o c k  34
b l k v a r sw 0 36 * *  Sw h i s t o r y , , b l o c k  36
b l k v a r sw 0 38 ** Sw h i s t o r y , , b l o c k  38
b l k v a r sw 0 40 ** Sw h i s t o r y , , b l o c k  40
b l k v a r sw 0 42 ** Sw h i s t o r y , . b l o c k  42
b l k v a r sw 0 44 ** Sw h i s t o r y , b l o c k  44
b l k v a r sw 0 46 ** Sw h i s t o r y , b l o c k  46
b l k v a r sw 0 48 ** Sw h i s t o r y , b l o c k  48
b l k v a r sw 0 50 * *  Sw h i s t o r y , b l o c k  50
b l k v a r sw 0 52 ** Sw h i s t o r y , b l o c k  52
b l k v a r sw 0 54 * *  Sw h i s t o r y , b l o c k  54
b l k v a r sw 0 56 ** Sw h i s t o r y , b l o c k  56
b l k v a r sw 0 58 ** Sw h i s t o r y , b l o c k  58
b l k v a r sw 0 60 ** Sw h i s t o r y , b l o c k  60
b l k v a r sw 0 62 ** Sw h i s t o r y , b l o c k  62
b l k v a r sw 0 64 ** Sw h i s t o r y , b l o c k  64
b l k v a r sw 0 66 * *  Sw h i s t o r y , b l o c k  66
b l k v a r sw 0 68 ** Sw h i s t o r y , b l o c k  68
b l k v a r sw 0 70 ** Sw h i s t o r y , b l o c k  70
b l k v a r sw 0 72 ** Sw h i s t o r y , b l o c k  72
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* *  
* *  
★  ★ 
★  *  
* *  
*  ★ 
★  ★ 
★  *  
★  *
b l k v a r sw 0 74 * * Sw h i s t o r y , b l o c k 74
b l k v a r sw 0 76 ** Sw h i s t o r y , b l o c k 76
b l k v a r sw 0 78 ** Sw h i s t o r y , b l o c k 78
b l k v a r sw 0 80 ** Sw h i s t o r y , b l o c k 80
b l k v a r sw 0 82 ** Sw h i s t o r y , b l o c k 82
b l k v a r sw 0 84 ** Sw h i s t o r y , b l o c k 84
b l k v a r sw 0 86 ** Sw h i s t o r y , b l o c k 86
b l k v a r sw 0 88 *★ Sw h i s t o r y , b l o c k 88
b l k v a r sw 0 90 ** Sw h i s t o r y , b l o c k 90
b l k v a r sw 0 92 *★ Sw h i s t o r y , b l o c k 92
b l k v a r sw 0 94 ** Sw h i s t o r y , b l o c k 94
b l k v a r sw 0 96 ** Sw h i s t o r y , b l o c k 96
b l k v a r  y 6 1 
b l k v a r  y 8 1 
b l k v a r  y 9 1 
b l k v a r  kr o  0 16 
maxvar s o l c o n c  9 *
m a t b a l  r e a c t i o n  1 
m a t b a l  r e a c t i o n  2 
m a t b a l  r e a c t i o n  e n e r g y  
c c h l o s s  
t f r o n t  400  
t f r o n t  1200  
t f r o n t  1200  backward
** y ( C 0 2 ) , ■
** y ( o x y g e n ) ,  "
* *  y ( CO) ,
** o i l  r e l  perm,  "
* max c o k e  c o n e  i n  t u b e  
** n e t  r e a c t i o n  w a t e r  
** n e t  r e a c t i o n  o i l  
** n e t  r e a c t i o n  o x y g e n  
** n e t  cum h e a t  from h e a t e r s  
** 400 d eg  f r o n t  p o s i t i o n  
** 1200 d e g  f r o n t  p o s i t i o n  
** 1200  d e g  ba ckwa rd f r o n t  p o s i t i o n
* PARTCLMLWT 1 3 . 6 ** COKE ( CHI. 6) MOLECULAR WEIGHT IS 1 3 . 6
** ============== GRID AND RESERVOIR DEFINITION =================
** * g r i d  * c a r t  1 1 64 ** 64 b l o c k s  i n  t h e  K d i r e c t i o n  ( normal  v e r t i c a l )
♦ g r i d  * c a r t  1 1 9 6  * * 9 6  b l o c k s  i n  t h e  K d i r e c t i o n  ( no rma l  v e r t i c a l )
** * g r i d  * c a r t  1 1 128 ** 128 b l o c k s  i n  t h e  K d i r e c t i o n  ( nor ma l  v e r t i c a l )
** Tube I . D .  = 10 cm. C r o s s - s e c t i o n a l  a r e a  i s  p i * ( d / 2 ) * * 2  
** = 7 8 . 5 4  cm2 = L*L. s o  e q u i v a l e n t  b l o c k  s i d e  i s  
** L = 8 . 8 6 2 2 7  cm ( 0 . 2 8 7 0 8  f t ) .
** T o t a l  t u b e  l e n g t h  i s  125 cm;
** b l o c k  = 1 2 5 / 1 0 0  “ 1 . 2 5  cm ( 0 . 0 6 3 3 1  f t  f o r  64 g r i d  b l o c k s  o r  0 . 0 3 1 6 6  f t  f o r  128)  
** ( 0 . 0 4 2 2 0 8 3  f t  f o r  96 g r i d  b l o c k s )
** ( 0 . 1 2 6 6 3  f t  f o r  32 g r i d  b l o c k s  o r
0 . 2 5 3 2 5  f t  f o r  16)
** * d i  *con 0 . 2 8 7 0 8  *dj  *con 0 . 2 8 7 0 8  *dk *con 0 . 0 6 3 3 1
* d i  *con 0 . 2 8 7 0 8  *dj  *con 0 . 2 8 7 0 8  *dk *con 0 . 0 4 2 2 0 8 3  
** * d i  *con 0 . 2 8 7 0 8  *dj  *con 0 . 2 8 7 0 8  *dk *con 0 . 0 3 1 6 6
*por  *con 0 . 3 6 6  
** PERMEABILTY 1004 mD 
*permi  *con 1004 *permj * e q u a l s i
* r o ck c p 3 5 . 0 2  
*c pc  4 . 0 6
*permk * e q u a l s i
* t h c o n r  1 *t hconw 0 . 3 6  * t h c o n o  0 . 0 7 7  * t h c o n g  0 . 0 8 3 3
FLUID DEFINITIONS
*model  11 10 8 ** Number o f  n o n c o n d e n s i b l e  g a s e s  i s  numy-numx = 2
** Number o f  s o l i d  c omponent s i s  ncomp-numy = 1 
** N2 & C02 s o l u b l e  i n  t h e  l i q u i d  p e t r o l e u m  p h a s e  
** 02 & CO o n l y  i n  t h e  g a s  p h a se  i n s o l u b l e  i n  t h e  l i q u i d  p e t r o l e u m  p h a s e
*compname 'H20'  'C21+'  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 -5 '  ' CH4'
* *  ____
*cmm
32 2 8 . 0 1
* p c r i t
730 5 0 7 . 5
* t c r i t
1 8 1 . 7 2  - 2 2 0 . 7 8
C0 2 1 ’ N2'
18 3 0 0 . 1  1 6 0 . 4  1 0 7 . 7 8  6 0 . 9 3
3155 2 0 3 . 3 4  3 2 6 . 1 7  3 7 8 . 3 4  5 3 9 . 2 2
0 2 ' 'CO''COKE'
1 6 . 0 4  4 4 . 0 1  2 8 . 0 1
6 6 5 . 4  1 0 7 1 . 0  500
7 0 5 . 7  9 7 4 . 2 0  6 9 3 . 6 8  5 4 4 . 3 2  3 1 0 . 2  - 1 1 6 . 9 2  8 7 . 5 6  - 2 3 2 . 8 4
"Numerical Simulation of In-Situ Combustion Processes in High Pressure Light and Medium Petroleum Reservoirs."
Appendix-Ill Simulation Data Files of ID & 3D Combustion Cell Experiments, John Tingas 9/3/2000
337
* * c o m p n m ' H 2 0 ' ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4 ' ' C 0 2 '  ' N 2 '  ' 0 2 " C 0 " C 0 K E '
**                     __
* a v g  0 0 0  0 0  0 0 0 0 0
* b v g  0 0 0  0 0  0 0 0 0 0
★ a v i s c  0 0 . 1 3 2 6 8 3  0 . 1 3 2 8 2 3  0 . 1 5 2 2 9 6  0 . 1 9 0 2 4 8  0 . 1 3 7 8 4 9  0 . 0 4 4 1 2 6  0 . 1 4 1 2 6 9
* b v i s c  0 1 4 7 8 . 3 2  1 2 9 5 . 3 2  8 5 2 . 6 6  4 7 8 . 5 1  2 0 5 . 4 5  1 0 4 0 . 5 4  1 6 2 . 5 4
* m o l d e n  0 0 . 0 4 8 1  0 . 1 3 0 9  0 . 2 0 0 0  0 . 2 0 2 4  0 . 4 0 2 4  0 . 6 6 2 3  0 . 6 9 4 4  * *  LBMOLE/FT3
* c p  0 3 . 9 e - 6 4 e - 6  4 . 5 e - 6  5 e - 6  6 . 5 e - 6  7 e - 6  7 . 5 e - 6
* c t l  0 1 . 4 e - 4  1 . 4 9 6 e - 4  1 . 9 5 8 e - 4  2 . 5 2 7 e - 4  2 . 6 4 9 e - 4  2 . 8 3 9 e - 4  2 . 8 3 9 e - 4
** ________________________________________________________
* *  CHEMICAL REACTION 1 -  C r a c k i n g :  C21+ - >  CH4 + Coke
★compname ' H 2 0 '  ' C 2 1 + '  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH 4' ' C 0 2 '  ' N 2 '  ' 0 2 '
*  i t
* s t o r e a c  0 1  0 0 0 0 0 0 0
* s t o p r o d  0 0 0 0 0 4 . 3 8 0 4 7 9  0 0 0
* f r e q f a c  2 . I e 5  * e a c t  2 5 0 00  * r e n t h  0
*  *  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
* *  CHEMICAL REACTION 2 - C r a c k i n g :  C 1 0 - C 2 0  - >  CH4 + Coke
*compname ' H 2 0 '  ' C 2 1 + '  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' C H4 ' ' C 0 2 '  ' N 2 '  ' 0 2 '
* *                  ________
* s t o r e a c  0 0 1 0 0 0 0 0 0 0 0
* s t o p r o d  0 0 0 0 0 2 . 7 1 7 1 0 9  0 0 0 0 8 . 5 9 7 2 7 9
* f r e q f a c  2 . 0 e 5  * e a c t  2 7 0 0 0  * r e n t h  0 
*  ★   _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _
* *  CHEMICAL REACTION 3 -  Heav y  O i l  B u r n i n g :  C21+ + 02  - >  H20 + CO + e n e r g y
*compname ' H 2 0 '  ' C 2 1 + '  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH 4' ' C 0 2 '  ' N 2 '  ' 0 2 '  ' CO'  'COKE'
**     ____
★ s t o r e a c  0 1 0  0 0 0 0 0  2 1 . 7 9 2 1 2  0 0
* s t o p r o d  2 2 . 2 9 1 1  0 0  0 0 0 0 0 0  2 1 . 2 9 3 1 5  0
* f r e q f a c  3 . 0 2 0 e l 0  * e a c t  1 3 5 0 0  * r e n t h  1 0 2 9 3 . 9  
* *  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
** CHEMICAL REACTION 4 -  Medium O i l  B u r n i n g :  C 1 1 - C 2 0  + 02  - >  H20 + CO + e n e r g y
*compname ' H 2 0 '  ' C 2 1 + '  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH 4' ' C 0 2 '  ' N 2 '  ' 0 2 '  ' CO'  'COKE'
* *                      ______
♦ s t o r e a c  0 0 1  0 0 0 0 0  1 1 . 8 1 3 2 2  0 0
* s t o p r o d  1 2 . 3 1 2 0 4  0 0  0 0 0 0 0 0  1 1 . 3 1 4 3 9  0
♦ f r e q f a c  3 . 0 2 0 e l 0  * e a c t  1 5 5 0 0  * r e n t h  4 9 2 0 . 3
i t  i t  -  - ----_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ----- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -------------    _ _ _ _ _ _ -_ _ _ _ _ _ _ _ _ _ _ _ _
* *  CHEMICAL REACTION 5 -  L i g h t  O i l  B u r n i n g :  C6-C9  + 02  - >  H20 + CO + e n e r g y
*compname ' H 2 0 '  ' C 2 1 + '  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' C H 4 ' ' C 0 2 '  ' N 2 '  ' 0 2 '  ' CO'  'COKE'
* *                      ____
♦ s t o r e a c  0 0  0 1 0 0 0 0  7 . 9 1 3 8 5  0 0
♦ s t o p r o d  8 . 4 1 3 1 5  0 0 0 0 0 0 0 0  7 . 4 1 4 5 6  0
* f r e q f a c  3 . 0 2 0 e l 0  * e a c t  1 5 5 00  * r e n t h  2 4 2 0 . 2
* *  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
* *  CHEMICAL REACTION 6 -  H y d r o c a r b o n  Gas B u r n i n g :  C2 - C5  + 02  - >  H20 + CO + e n e r g y
*compname ' H 2 0 '  ' C 2 1 + '  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' C H4 ' ' C 0 2 '  ' N 2 '  ' 0 2 '  ' CO'  'COKE'
* *                      ___________
♦ s t o r e a c  0 0  0 0 1 0 0 0  4 . 7 0 9 6 5 4  0 0
* s t o p r o d  5 . 2 0 9 8 3  0 0 0 0 0 0 0 0  4 . 2 0 9 4 7 9  0
* f r e q f a c  3 . 0 2 0 e l 0  * e a c t  1 5 0 00  * r e n t h  1 4 6 3 . 4
+ * --------------------------------------------------------------------------------------------------------------------------------------------------
* *  CHEMICAL REACTION 7 -  Coke B u r n i n g :  Coke + 02  - >  H20 + C02 + e n e r g y
*compname ' H 2 0 '  ' C 2 1 + '  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH 4' ' C 0 2 '  ' N 2 '  ' 0 2 '  ' CO'  'COKE'
* *                    __
♦ s t o r e a c  0 0 0 0 0 0 0 0  1 . 4 0
* s t o p r o d  0 . 8 0  0 0 0 0 1 0  0 0
* f r e q f a c  3 . 0e5 * e a c t  55 00  * r e n t h  4 6 1 . 3  
*  *  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
* *  CHEMICAL REACTION 8 -  Gas b u r n i n g :  CH4 + 202 - >  2H20 + C02 + e n e r g y
*compname ' H 2 0 '  ' C 2 1 + '  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH 4' ' C 0 2 '  ' N 2 '  ' 0 2 '  ' CO'
* *                    __
♦ s t o r e a c  0 0 0 0 0 1 0 0  1 . 5 0 0
♦ s t o p r o d  2 0 0 0 0 0 0 0 0  1 0
* f r e q f a c  3 . 0 2 0 e l 0  * e a c t  5 9 4 50  * r e n t h  5 0 2 . 5 3 3  ** R e a c t i o n  E n t h a l p y
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*  *  --------------------------------------------------------------------------------------------------------------------------------------------------
★* CHEMICAL REACTION 9 -  C a r b o n  M o n o x i d e  b u r n i n g :  CO + 0 . 5  02  - >  C02 + e n e r g y
*compname ' H 2 0 '  ' C 2 1 + '  ' 0 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' C H4 ' ' C 0 2 '  ' N 2 '  ' 0 2 '  ' CO'  'COKE'
* *  ______
* s t o r e a c  0 0 0 0 0 0 0 0  0 . 5 1 0
* s t o p r o d  0 0 0 0 0 0 1 0 0  0 0
* f r e q f a c  1 . 5 e 5  * e a c t  32 50  * r e n t h  2 . 8 3 8 E 5  
* *  ___________________________________________________________________________________________________________
* s o l d e n  4 . 4
* *  Pseudo compo nen t  K v a l u e  t a b l e s  f o r  p r e s s u r e s  50 0  p s i  & 32 50  p s i  100 F t o  13 0 0  F be  
10 0  deg i n t e r v a l s  
♦ k v t a b l i m  50 0  32 5 0  100 13 00
* k v t a b l e  2 * *  K v a l u e  t a b l e  f o r  C21+ (AUS5PVTS.XLS)
1 . 2 2 3 E - 0 7  8 . 1 5 4 E - 0 8 6 . 1 1 5 E - 0 8 4 . 8 9 2 E - 0 8  4 . 0 7 7 E - 0 8 3 . 4 9 4 E - 0 8  3 . 0 5 8 E - 0 8  2 . 7 1 8 E - 0 8
2 . 4 4 6 E - 0 8  2 . 2 2 4 E - 0 8 2 . 0 3 8 E - 0 8 1 . 8 8 2 E - 0 8
5 . 1 1 2 E - 0 6  3 . 4 0 8 E - 0 6 2 . 5 5 6 E - 0 6 2 . 0 4 5 E - 0 6  1 . 7 0 4 E - 0 6 1 . 4 6 1 E - 0 6  1 . 2 7 8 E - 0 6  1 . 1 3 6 E - 0 6
1 . 0 2 2 E - 0 6  9 . 2 9 5 E - 0 7 8 . 5 2 0 E - 0 7 7 . 8 6 5 E - 0 7
8 . 0 0 1 E - 0 5  5 . 3 3 4 E - 0 5 4 . 0 0 0 E - 0 5 3 . 2 0 0 E - 0 5  2 . 6 6 7 E - 0 5 2 . 2 8 6 E - 0 5  2 . 0 0 0 E - 0 5  1 . 7 7 8 E - 0 5
1 . 6 0 0 E - 0 5  1 . 4 5 5 E - 0 5 1 . 3 3 3 E - 0 5 1 . 2 3 1 E - 0 5
6 . 6 0 5 E - 0 4  4 . 4 0 3 E - 0 4 3 . 3 0 2 E - 0 4 2 . 6 4 2 E - 0 4  2 . 2 0 2 E - 0 4 1 . 8 8 7 E - 0 4  1 . 6 5 1 E - 0 4  1 . 4 6 8 E - 0 4
1 . 3 2 1 E - 0 4  1 . 2 0 1 E - 0 4 1 . 1 0 1 E - 0 4 1 . 0 1 6 E - 0 4
3 . 5 1 2 E - 0 3  2 . 3 4 2 E - 0 3 1 . 7 5 6 E - 0 3 1 . 4 0 5 E - 0 3  1 . 1 7 1 E - 0 3 1 . 0 0 4 E - 0 3  8 . 7 8 1 E - 0 4  7 . 8 0 5 E - 0 4
7 . 0 2 5 E - 0 4  6 . 3 8 6 E - 0 4 5 . 8 5 4 E - 0 4 5 . 4 0 4 E - 0 4
1 . 3 6 3 E - 0 2  9 . 0 8 5 E - 0 3 6 . 8 1 4 E - 0 3 5 . 4 5 1 E - 0 3  4 . 5 4 3 E - 0 3 3 . 8 9 4 E - 0 3  3 . 4 0 7 E - 0 3  3 . 0 2 8 E - 0 3
2 . 7 2 6 E - 0 3  2 . 4 7 8 E - 0 3 2 . 2 7 1 E - 0 3 2 . 0 9 7 E - 0 3
4 . 1 8 5 E - 0 2  2 . 7 9 0 E - 0 2 2 . 0 9 3 E - 0 2 1 . 6 7 4 E - 0 2  1 . 3 9 5 E - 0 2 1 . 1 9 6 E - 0 2  1 . 0 4 6 E - 0 2  9 . 3 0 0 E - 0 3
8 . 3 7 0 E - 0 3  7 . 6 0 9 E - 0 3 6 . 9 7 5 E - 0 3 6 . 4 3 9 E - 0 3
1 . 0 7 6 E - 0 1  7 . 1 7 1 E - 0 2 5 . 3 7 8 E - 0 2 4 . 3 0 2 E - 0 2  3 . 5 8 5 E - 0 2 3 . 0 7 3 E - 0 2  2 . 6 8 9 E - 0 2  2 . 3 9 0 E - 0 2
2 . 1 5 1 E - 0 2  1 . 9 5 6 E - 0 2 1 . 7 9 3 E - 0 2 1 . 6 5 5 E - 0 2
2 . 4 0 6 E - 0 1  1 . 6 0 4 E - 0 1 1 . 2 0 3 E - 01 9 . 6 2 4 E - 0 2  8 . 0 2 0 E - 0 2 6 . 8 7 5 E - 0 2  6 . 0 1 5 E - 0 2  5 . 3 4 7 E - 0 2
4 . 8 1 2 E - 0 2  4 . 3 7 5 E - 0 2 4 . 0 1 0 E - 0 2 3 . 7 0 2 E - 0 2
4 . 8 2 0 E - 0 1  3 . 2 1 4 E - 0 1 2 . 4 1 0 E - 0 1 1 . 9 2 8 E - 0 1  1 . 6 0 7 E - 0 1 1 . 3 7 7 E - 0 1  1 . 2 0 5 E - 0 1  1 . 0 7 1 E - 0 1
9 . 6 4 1 E - 0 2  8 . 7 6 4 E - 0 2 8 . 0 3 4 E - 0 2 7 . 4 1 6 E - 0 2
8 . 8 3 4 E - 0 1  5 . 8 8 9 E - 0 1 4 . 4 1 7 E - 0 1 3 . 5 3 4 E - 0 1  2 . 9 4 5 E - 0 1 2 . 5 2 4 E - 0 1  2 . 2 0 8 E - 0 1  1 . 9 6 3 E - 0 1
1 . 7 6 7 E - 0 1  1 . 6 0 6 E - 0 1 1 . 4 7 2 E - 0 1 1 . 3 5 9 E - 0 1
1 . 5 0 4 9 6  1 . 0 0 3 3 1  7 . 5 2 5 E - 0 1  6 . 0 2 0 E - 0 1  5 . 0 1 7 E - 0 1  4 . 3 0 0 E - 0 1  3 . 7 6 2 E - 0 1  3 . 3 4 4 E - 0 1
3 . 0 1 0 E - 0 1  2 . 7 3 6 E - 0 1 2 . 5 0 8 E - 0 1 2 . 3 1 5 E - 01
2 . 4 1 3 3 0  1 . 6 0 8 8 6  1 . 2 0 6 6 5  9 . 6 5 3 E - 0 1  8 . 0 4 4 E - 0 1  6 . 8 9 5 E - 0 1  6 . 0 3 3 E - 0 1  5 . 3 6 3 E - 0 1
4 . 8 2 7 E - 0 1  4 . 3 8 8 E - 0 1 4 . 0 2 2 E - 0 1 3 . 7 1 3 E - 0 1
♦ k v t a b l e  3 * *  K v a l u e  t a b l e  f o r  C 1 0 - C 2 0
2 . 0 4 9 E - 0 3  1 . 3 6 6 E - 03 1 . 0 2 5 E - 0 3  8 . 1 9 7 E - 0 4 6 . 8 3 1 E - 0 4  5 . 8 5 5 E - 0 4
5 . 1 2 3 E - 0 4 4 . 5 5 4 E - 0 4 4 . 0 9 8 E - 0 4  3 . 7 2 6 E - 0 4  3 . 4 1 5 E - 0 4
3 . 1 5 3 E - 0 4
1 . 1 1 8 E - 0 2  7 . 4 5 5 E - 03 5. 5 9 1 E - 0 3  4 . 4 7 3 E - 0 3 3 . 7 2 7 E - 0 3  3 . 1 9 5 E - 0 3
2 . 7 9 6 E - 0 3 2 . 4 8 5 E - 0 3 2 . 2 3 6 E - 0 3  2 . 0 3 3 E - 0 3  1 . 8 6 4 E - 0 3
1 . 7 2 0 E - 03
3 . 9 0 4 E - 0 2  2 . 6 0 3 E - 02 1. 9 5 2 E - 0 2  1 . 5 6 2 E - 0 2 1 . 3 0 1 E - 0 2  1 . 1 1 5 E - 0 2
9 . 7 6 0 E - 0 3 8 . 6 7 6 E - 0 3 7 . 8 0 8 E - 0 3  7 . 0 9 8 E - 0 3  6 . 5 0 7 E - 0 3
6 . 0 0 6 E - 0 3
1 . 0 1 9 E - 0 1  6 . 7 9 5 E - 02 5 . 0 9 6 E - 0 2  4 . 0 7 7 E - 0 2 3 . 3 9 7 E - 0 2  2 . 9 1 2 E - 0 2
2 . 5 4 8 E - 0 2 2 . 2 6 5 E - 0 2 2 . 0 3 8 E - 0 2  1 . 8 5 3 E - 0 2  1 . 6 9 9 E - 0 2
1 . 5 6 8 E - 0 2
2 . 1 7 8 E - 0 1  1 . 4 5 2 E - 01 1 . 0 8 9 E - 0 1  8 . 7 1 4 E - 0 2 7 . 2 6 2 E - 0 2  6 . 2 2 4 E - 0 2
5 . 4 4 6 E - 0 2 4 . 8 4 1 E - 0 2 4 . 3 5 7 E - 0 2  3 . 9 6 1 E - 0 2  3 . 6 3 1 E - 0 2
3 . 3 5 2 E - 0 2
4 . 0 3 5 E - 0 1  2 . 6 9 0 E - 01  2 . 0 1 7 E - 0 1  1 . 6 1 4 E - 0 1 1 . 3 4 5 E - 0 1  1 . 1 5 3 E - 0 1
1 . 0 0 9 E - 0 1 8 . 9 6 6 E - 0 2 8 . 0 6 9 E - 0 2  7 . 3 3 6 E - 0 2  6 . 7 2 5 E - 0 2
6 . 2 0 7 E - 0 2
6 . 7 1 9 E - 0 1  4 . 4 8 0 E - 01 3 . 3 6 0 E - 0 1  2 . 6 8 8 E - 0 1 2 . 2 4 0 E - 0 1  1 . 9 2 0 E - 0 1
1 . 6 8 0 E - 0 1 1 . 4 9 3 E - 0 1 1 . 3 4 4 E - 0 1  1 . 2 2 2 E - 0 1  1 . 1 2 0 E - 0 1
1 . 0 3 4 E - 0 1
1 . 0 3 2E +00  6 . 8 8 0 E - 01  5. 1 6 0 E - 0 1  4 . 1 2 8 E - 0 1 3 . 4 4 0 E - 0 1  2 . 9 4 9 E - 0 1
2 . 5 8 0 E - 0 1 2 . 2 9 3 E - 0 1 2 . 0 6 4 E - 0 1  1 . 8 7 6 E - 0 1  1 . 7 2 0 E - 0 1
1 . 5 8 8 E - 0 1
1 . 4 8 8 0 7  9 . 9 2 0 E - 0 1 7 . 4 4 0 E - 0 1 5 . 9 5 2 E - 0 1  4 . 9 6 0 E - 0 1  4 . 2 5 2 E - 0 1
3 . 7 2 0 E - 0 1 3 . 3 0 7 E - 0 1 2 . 9 7 6 E - 0 1  2 . 7 0 6 E - 0 1  2 . 4 8 0 E - 0 1
2 . 2 8 9 E - 0 1
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2 . 0 4 0 7 8  1 . 3 6 0 5 2  1 . 0 2 0 3 9  0 . 8 1 6 3 1  6 . 8 0 3 E - 0 1  5 . 8 3 1 E - 0 1  5 . 1 0 2 E - 0 1  4 . 5 3 5 E - 0 1
4 . 0 8 2 E - 01 3 . 7 1 1 E - 0 1  3 . 4 0 1 E - 0 1  3 . 1 4 0 E - 0 1
2 . 6 8 7 7 2  1 . 7 9 1 8 1  1 . 3 4 3 8 6  1 . 0 7 5 0 9  0 . 8 9 5 9 1  0 . 7 6 7 9 2  0 . 6 7 1 9 3  0 . 5 9 7 2 7  0 . 5 3 7 5 4  0 . 4 8 8 6 8  0 . 4 4 7 9 5  
4 . 1 3 5 E - 0 1
3 . 4 2 4 2 2 2  2 . 2 8 2 8 1  1 . 7 1 2 1 1  1 . 3 6 9 6 9  1 . 1 4 1 4 1  0 . 9 7 8 35  0 . 8 5 6 0 6  0 . 7 6 0 9 4  0 . 6 8 4 8 4  0 . 6 2 2 5 9
0 . 5 7 0 7 0  0 . 5 2 6 8 0
4 . 2 4 4 1 2 7 4  2 . 8 2 9 4 1 8 3  2 . 1 2 2 0 6 3 7  1 . 6 9 7 6 5  1 . 4 1 4 7 1  1 . 2 1 2 6 1  1 . 0 6 1 0 3  0 . 9 4 3 1 4
0 . 8 4 8 8 3  0 . 7 7 1 6 6  0 . 7 0 7 3 5  0 . 6 5 2 9 4
* k v t a b l e  4 * *  K v a l u e  t a b l e  f o r  C 6 - 9
9 . 5 2 6 9 E - 0 3  6 . 3 5 1 3 E - 0 3  4 . 7 6 3 5 E - 0 3  3 . 8 1 0 8 E - 0 3  3 . 1 7 5 6 E - 0 3  2 . 7 2 2 0 E - 0 3
2 . 3 8 1 7 E - 0 3  2 . 1 1 7 1 E - 0 3  1 . 9 0 5 4 E - 0 3  1 . 7 3 2 2 E - 0 3  1 . 5 8 7 8 E - 0 3
1 . 4 6 5 7 E - 0 3
0 . 0 4 2 6 2 3  0 . 0 2 8 4 1 6  0 . 0 2 1 3 1 2  0 . 0 1 7 0 4 9  0 . 0 1 4 2 0 8  0 . 0 1 2 1 7 8
0 . 0 1 0 6 5 6  0 . 0 0 9 4 7 2  0 . 0 0 8 5 2 5  0 . 0 0 7 7 5 0  0 . 0 0 7 1 0 4
0 . 0 0 6 5 5 7
0 . 1 2 8 5 6 1  0 . 0 8 5 7 0 7  0 . 0 6 4 2 8 0  0 . 0 5 1 4 2 4  0 . 0 4 2 8 5 4  0 . 0 3 6 7 3 2
0 . 0 3 2 1 4 0  0 . 0 2 8 5 6 9  0 . 0 2 5 7 1 2  0 . 0 2 3 3 7 5  0 . 0 2 1 4 2 7
0 . 0 1 9 7 7 9
0 . 2 9 9 9 6 1  0 . 1 9 9 9 7 4  0 . 1 4 9 9 8 1  0 . 1 1 9 9 8 4  0 . 0 9 9 9 8 7  0 . 0 8 5 7 0 3
0 . 0 7 4 9 9 0  0 . 0 6 6 6 5 8  0 . 0 5 9 9 9 2  0 . 0 5 4 5 3 8  0 . 0 4 9 9 9 4
0 . 0 4 6 1 4 8
0 . 5 8 6 6 3 0  0 . 3 9 1 0 8 7  0 . 2 9 3 3 1 5  0 . 2 3 4 6 5 2  0 . 1 9 5 5 4 3  0 . 1 6 7 6 0 9  0 . 1 4 6 6 5 8  0 . 1 3 0 3 6 2
0 . 1 1 7 3 2 6  0 . 1 0 6 6 6 0  0 . 0 9 7 7 7 2  0 . 0 9 0 2 5 1
1 . 0 1 0 8 8 5  0 . 6 7 3 9 2 4  0 . 5 0 5 4 4 3  0 . 4 0 4 3 5 4  0 . 3 3 6 9 6 2  0 . 2 8 8 8 2 4  0 . 2 5 2 7 2 1  0 . 2 2 4 6 4 1
0 . 2 0 2 1 7 7  0 . 1 8 3 7 9 7  0 . 1 6 8 4 8 1  0 . 1 5 5 5 2 1
1 . 5 8 6 0  1 . 0 5 7 3  0 . 7 9 3 0  0 . 6 3 4 4  0 . 5 2 8 7  0 . 4 5 3 1  0 . 3 9 6 5  0 . 3 5 2 4  0 . 3 1 7 2  0 . 2 8 8 4  0 . 2 6 4 3
0 . 2 4 4 0
2 . 3 1 6 5  1 . 5 4 4 3  1 . 1 5 8 3  0 . 9 2 6 6  0 . 7 7 2 2  0 . 6 6 1 9  0 . 5 7 9 1  0 . 5 1 4 8  0 . 4 6 3 3  0 . 4 2 1 2  0 . 3 8 6 1
0 . 3 5 6 4
3 . 2 0 0 2  2 . 1 3 3 5  1 . 6 0 0 1  1 . 2 8 0 1  1 . 0 6 6 7  0 . 9 1 4 4  0 . 8 0 0 1  0 . 7 1 1 2  0 . 6 4 0 0  0 . 5 8 1 9  0 . 5 3 3 4
0 . 4 9 2 3
4 . 2 2 9 6  2 . 8 1 9 7  2 . 1 1 4 8  1 . 6 9 1 8  1 . 4 0 9 9  1 . 2 0 8 5  1 . 0 5 7 4  0 . 9 3 9 9  0 . 8 4 5 9  0 . 7 6 9 0  0 . 7 0 4 9
0 . 6 5 0 7
5 . 3 9 3 8  3 . 5 9 5 9  2 . 6 9 6 9  2 . 1 5 7 5  1 . 7 9 7 9  1 . 5 4 1 1  1 . 3 4 8 4  1 . 1 9 8 6  1 . 0 7 8 8  0 . 9 8 0 7  0 . 8 9 9 0
0 . 8 2 9 8
6 . 6 7 9 8  4 . 4 5 3 2  3 . 3 3 9 9  2 . 6 7 1 9  2 . 2 2 6 6  1 . 9 0 8 5  1 . 6 7 0 0  1 . 4 8 4 4  1 . 3 3 6 0  1 . 2 1 4 5  1 . 1 1 3 3
1 . 0 2 7 7
8 . 0 7 3 9  5 . 3 8 2 6  4 . 0 3 6 9  3 . 2 2 9 5  2 . 6 9 1 3  2 . 3 0 6 8  2 . 0 1 8 5  1 . 7 9 4 2  1 . 6 1 4 8  1 . 4 6 8 0  1 . 3 4 5 6
1 . 2 4 2 1
♦ k v t a b l e  5 * *  K v a l u e  t a b l e  f o r  C 2 - 5
1 . 1 5 1 2 E - 0 1  7 . 6 7 4 6 E - 0 2  5 . 7 5 6 0 E - 0 2  4 . 6 0 4 8 E - 0 2  3 . 8 3 7 3 E - 0 2  3 . 2 8 9 1 E - 0 2
2 . 8 7 8 0 E - 0 2  2 . 5 5 8 2 E - 0 2  2 . 3 0 2 4 E - 0 2  2 . 0 9 3 1 E - 0 2  1 . 9 1 8 7 E - 0 2
1 . 7 7 1 1 E - 0 2
3 . 9 8 6 3 E - 0 1  2 . 6 5 7 5 E - 0 1 1 . 9932E - 0 1 1 . 5945E - 0 1 1 . 3 2 8 8 E - 0 1 1 . 1 3 8 9 E
9 . 9 6 5 8 E - 02 8 . 8 5 8 5 E  
6 . 1 3 2 8 E - 0 2
- 0 2 7 . 9 7 2 6 E - 0 2 7 . 2 4 7 9 E - 0 2 6 . 6 4 3 9 E - 0 2
0. 99 55  0 . 6 6 3 7  0 . 4 9 7 8  0 . 3 9 8 2  
0 . 1 5 3 2
0 . 3 3 1 8 0 . 2 8 4 4 0 . 2 4 8 9 0 . 2 2 1 2 0 . 1 9 9 1 0 . 1 8 1 0 0 . 1 6 5 9
2 . 00 95  1 . 3 3 9 6  1 . 0 0 4 7  0 . 8 0 3 8  
0 . 3 0 9 1
0 . 6 6 9 8 0 . 5 7 4 1 0 . 5 0 2 4 0 . 4 4 6 5 0 . 4 0 1 9 0 . 3 6 5 4 0 . 3 3 4 9
3 . 50 4 0  2 . 3 3 6 0  1 . 7 5 2 0  1 . 4 0 1 6  
0 . 5 3 9 1
1 . 1 6 8 0 1 . 0 0 1 1 0 . 8 7 6 0 0 . 7 7 8 7 0 . 7 0 0 8 0 . 6 3 7 1 0 . 5 8 4 0
5. 50 1 6  3 . 6 6 7 7  2 . 7 5 0 8  2 . 2 0 0 6  
0 . 8 4 6 4
1 . 8 3 3 9 1 . 5 7 1 9 1 . 3 7 5 4 1 . 2 2 2 6 1 . 1 0 0 3 1 . 0 0 0 3 0 . 9 1 6 9
7 . 99 1 5  5 . 3 2 7 7  3 . 9 9 5 8  3 . 1 9 6 6  
1 . 2 2 9 5
2 . 6 6 3 8 2 . 2 8 3 3 1 . 9 9 7 9 1 . 7 7 5 9 1 . 5 9 8 3 1 . 4 5 3 0 1 . 3 3 1 9
10 . 9 4 0 5  7 . 2 9 3 6  5 . 4 7 0 2  4 . 3 7 6 2  
1 . 6 8 3 1
3 . 6 4 6 8 3 . 1 2 5 8 2 . 7 3 5 1 2 . 4 3 1 2 2 . 1 8 8 1 1 . 9 8 9 2 1 . 8 2 3 4
14 . 3 0 1 5  9 . 5 3 4 3  7 . 1 5 0 8  5 . 7 2 0 6  
2 . 2 0 0 2
4 . 7 6 7 2 4 . 0 8 6 1 3 . 5 7 5 4 3 . 1 7 8 1 2 . 8 6 0 3 2 . 6 0 0 3 2 . 3 8 3 6
18 . 0 2 1 5  1 2 . 0 1 4 3  9 . 0 1 0 7  7 . 2 0 8 6  
2 . 7 7 2 5
6 . 0 0 7 2 5 . 1 4 9 0 4 . 5 0 5 4 4 . 0 0 4 8 3 . 6 0 4 3 3 . 2 7 6 6 3 . 0 0 3 6
22 . 0 4 5 8  1 4 . 6 9 7 2  1 1 . 0 2 2 9  8 . 8 1 8 3  
3 . 3 9 1 7
7 . 3 4 8 6 6 . 2 9 8 8 5 . 5 1 1 5 4 . 8 9 9 1 4 . 4 0 9 2 4 . 0 0 8 3 3 . 6 7 4 3
26 . 3 2 1 8  1 7 . 5 4 7 9  1 3 . 1 6 0 9  1 0 . 5 2 8 7  8 . 7 7 3 9  
4 . 0 4 9 5
7 . 5 2 0 5 6 . 5 8 0 4 5 . 8 4 9 3 5 . 2 6 4 4 4 . 7 8 5 8 4 . 3 8 7 0
30 . 8 0 0 3  2 0 . 5 3 3 6  1 5 . 4 0 0 2  1 2 . 3 2 0 1  1 0 . 2 6 6 8  8 . 8 0 0 1  
4 . 7 3 8 5
7 . 7 0 0 1 6 . 8 4 4 5 6 . 1 6 0 1 5 . 6 0 0 1 5 . 1 3 3 4
♦ k v t a b l e  6 * *  K v a l u e  t a b l e  f o r  CH4
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1 0 . 8 8 6 5  7 . 2 5 7 7  5 . 4 4 3 2  4 . 3 5 4 6  3 . 6 2 8 8  3 . 1 1 0 4  2 . 7 2 1 6  2 . 4 1 9 2  2 . 1 7 7 3  1 . 9 7 9 4  1 . 8 1 4 4
I . 6 7 4 8
1 8 . 0 1 4 4  1 2 . 0 0 9 6  9 . 0 0 7 2  7 . 2 0 5 8  6 . 0 0 4 8  5 . 1 4 7 0  4 . 5 0 3 6  4 . 0 0 3 2  3 . 6 0 2 9  3 . 2 7 5 4  3 . 0 0 2 4
2 . 7 7 1 5
2 6 . 1 0 9 2  1 7 . 4 0 6 1  1 3 . 0 5 4 6  1 0 . 4 4 3 7  8 . 7 0 3 1  7 . 4 5 9 8  6 . 5 2 7 3  5 . 8 0 2 0  5 . 2 2 1 8  4 . 7 4 7 1  4 . 3 5 1 5
4 . 0 1 6 8
3 4 . 7 1 2 3  2 3 . 1 4 1 5  1 7 . 3 5 6 1  1 3 . 8 8 4 9  1 1 . 5 7 0 8  9 . 9 1 7 8  8 . 6 7 8 1  7 . 7 1 3 8  6 . 9 4 2 5  6 . 3 1 1 3  5 . 7 8 5 4
5 . 3 4 0 4
4 3 . 4 9 1 5  2 8 . 9 9 4 3  2 1 . 7 4 5 8  1 7 . 3 9 6 6  1 4 . 4 9 7 2  1 2 . 4 2 6 1  1 0 . 8 7 2 9  9 . 6 6 4 8  8 . 6 9 8 3  7 . 9 0 7 5  7 . 2 4 8 6  
6 . 6 9 1 0
5 2 . 2 2 1 6  3 4 . 8 1 4 4  2 6 . 1 1 0 8  2 0 . 8 8 8 6  1 7 . 4 0 7 2  1 4 . 9 2 0 5  1 3 . 0 5 5 4  1 1 . 6 0 4 8  1 0 . 4 4 4 3  9 . 4 9 4 8  8 . 7 0 3 6  
8 . 0 3 4 1
6 0 . 7 5 7 3  4 0 . 5 0 4 9  3 0 . 3 7 8 6  2 4 . 3 0 2 9  2 0 . 2 5 2 4  1 7 . 3 5 9 2  1 5 . 1 8 9 3  1 3 . 5 0 1 6  1 2 . 1 5 1 5  1 1 . 0 4 6 8  1 0 . 1 2 6 2  
9 . 3 4 7 3
6 9 . 0 0 9 7  4 6 . 0 0 6 5  3 4 . 5 0 4 9  2 7 . 6 0 3 9  2 3 . 0 0 3 2  1 9 . 7 1 7 1  1 7 . 2 5 2 4  1 5 . 3 3 5 5  1 3 . 8 0 1 9  1 2 . 5 4 7 2  1 1 . 5 0 1 6  
1 0 . 6 1 6 9
7 6 . 9 2 8 6  5 1 . 2 8 5 8  3 8 . 4 6 4 3  3 0 . 7 7 1 5  2 5 . 6 4 2 9  2 1 . 9 7 9 6  1 9 . 2 3 2 2  1 7 . 0 9 5 3  1 5 . 3 8 5 7  1 3 . 9 8 7 0  1 2 . 8 2 1 4
I I . 8 3 5 2
8 4 . 4 8 9 6  5 6 . 3 2 6 4  4 2 . 2 4 4 8  3 3 . 7 9 5 8  2 8 . 1 6 3 2  2 4 . 1 3 9 9  2 1 . 1 2 2 4  1 8 . 7 7 5 5  1 6 . 8 9 7 9  1 5 . 3 6 1 7  1 4 . 0 8 1 6  
1 2 . 9 9 8 4
9 1 . 6 8 5 0  6 1 . 1 2 3 4  4 5 . 8 4 2 5  3 6 . 6 7 4 0  3 0 . 5 6 1 7  2 6 . 1 9 5 7  2 2 . 9 2 1 3  2 0 . 3 7 4 5  1 8 . 3 3 7 0  1 6 . 6 7 0 0  1 5 . 2 8 0 8  
1 4 . 1 0 5 4
9 8 . 5 1 8 3  6 5 . 6 7 8 9  4 9 . 2 5 9 2  3 9 . 4 0 7 3  3 2 . 8 3 9 4  2 8 . 1 4 8 1  2 4 . 6 2 9 6  2 1 . 8 9 3 0  1 9 . 7 0 3 7  1 7 . 9 1 2 4  1 6 . 4 1 9 7
1 5 . 1 5 6 7
1 0 4 . 9 9 9 7  6 9 . 9 9 9 8  5 2 . 4 9 9 9  4 1 . 9 9 9 9  3 4 . 9 9 9 9  2 9 . 9 9 9 9  2 6 . 2 4 9 9  2 3 . 3 3 3 3  2 0 . 9 9 9 9  1 9 . 0 9 0 9
1 7 . 5 0 0 0  1 6 . 1 5 3 8  
* k v t a b l e  7 * *  K v a l u e  t a b l e  f o r  C02
2 . 4 9 1 4  1 . 6 6 0 9  1 . 2 4 5 7  0 . 9 9 6 6  0 . 8 3 0 5  0 . 7 1 1 8  0 . 6 2 2 9  0 . 5 5 3 6  0 . 4 9 8 3  0 . 4 5 3 0  0 . 4 1 5 2
0 . 3 8 3 3
6 . 8 2 4 9  4 . 5 5 0 0  3 . 4 1 2 5  2 . 7 3 0 0  2 . 2 7 5 0  1 . 9 5 0 0  1 . 7 0 6 2  1 . 5 1 6 7  1 . 3 6 5 0  1 . 2 4 0 9  1 . 1 3 7 5
I . 0 5 0 0
1 4 . 3 4 1 1 9 . 5 6 0 7  7 . 1 7 0 5  5 . 7 3 6 4  4 . 7 8 0 4  4 . 0 9 7 5  3 . 5 8 5 3  3 . 1 8 6 9  2 . 8 6 8 2  2 . 6 0 7 5  2 . 3 9 0 2
2 . 2 0 6 3
2 5 . 3 5 5 3  1 6 . 9 0 3 5  1 2 . 6 7 7 6  1 0 . 1 4 2 1  8 . 4 5 1 8  7 . 2 4 4 4  6 . 3 3 8 8  5 . 6 3 4 5  5 . 0 7 1 1  4 . 6 1 0 1  4 . 2 2 5 9
3 . 9 0 0 8
3 9 . 8 1 0 3  2 6 . 5 4 0 2  1 9 . 9 0 5 2  1 5 . 9 2 4 1  1 3 . 2 7 0 1  1 1 . 3 7 4 4  9 . 9 5 2 6  8 . 8 4 6 7  7 . 9 6 2 1  7 . 2 3 8 2  6 . 6 3 5 1
6 . 1 2 4 7
5 7 . 4 0 5 7  3 8 . 2 7 0 5  2 8 . 7 0 2 9  2 2 . 9 6 2 3  1 9 . 1 3 5 2  1 6 . 4 0 1 6  1 4 . 3 5 1 4  1 2 . 7 5 6 8  1 1 . 4 8 1 1  1 0 . 4 3 7 4  9 . 5 6 7 6  
8 . 8 3 1 7
7 7 . 7 1 5 6  5 1 . 8 1 0 4  3 8 . 8 5 7 8  3 1 . 0 8 6 2  2 5 . 9 0 5 2  2 2 . 2 0 4 5  1 9 . 4 2 8 9  1 7 . 2 7 0 1  1 5 . 5 4 3 1  1 4 . 1 3 0 1  1 2 . 9 5 2 6
I I . 9 5 6 2
1 0 0 . 2 7 2 0  6 6 . 8 4 8 0  5 0 . 1 3 6 0  4 0 . 1 0 8 8  3 3 . 4 2 4 0  2 8 . 6 4 9 1  2 5 . 0 6 8 0  2 2 . 2 8 2 7  2 0 . 0 5 4 4  1 8 . 2 3 1 3
1 6 . 7 1 2 0  1 5 . 4 2 6 5
1 2 4 . 6 1 6 6  8 3 . 0 7 7 7  6 2 . 3 0 8 3  4 9 . 8 4 6 6  4 1 . 5 3 8 9  3 5 . 6 0 4 7  3 1 . 1 5 4 1  2 7 . 6 9 2 6  2 4 . 9 2 3 3  2 2 . 6 5 7 6
2 0 . 7 6 9 4  1 9 . 1 7 1 8
1 5 0 . 3 2 8 4  1 0 0 . 2 1 8 9  7 5 . 1 6 4 2  6 0 . 1 3 1 4  5 0 . 1 0 9 5  4 2 . 9 5 1 0  3 7 . 5 8 2 1  3 3 . 4 0 6 3  3 0 . 0 6 5 7
2 7 . 3 3 2 4  2 5 . 0 5 4 7  2 3 . 1 2 7 4  
1 7 7 . 0 3 6 2  1 1 8 . 0 2 4 1  8 8 . 5 1 8 1  7 0 . 8 1 4 5  5 9 . 0 1 2 1  5 0 . 5 8 1 8  4 4 . 2 5 9 0  3 9 . 3 4 1 4  3 5 . 4 0 7 2
3 2 . 1 8 8 4  2 9 . 5 0 6 0  2 7 . 2 3 6 3  
2 0 4 . 4 2 1 4  1 3 6 . 2 8 0 9  1 0 2 . 2 1 0 7  8 1 . 7 6 8 5  6 8 . 1 4 0 5  5 8 . 4 0 6 1  5 1 . 1 0 5 3  4 5 . 4 2 7 0
4 0 . 8 8 4 3  3 7 . 1 6 7 5  3 4 . 0 7 0 2  3 1 . 4 4 9 4  
2 3 2 . 2 1 6 1  1 5 4 . 8 1 0 7  1 1 6 . 1 0 8 0  9 2 . 8 8 6 4  7 7 . 4 0 5 4  6 6 . 3 4 7 5  5 8 . 0 5 4 0  5 1 . 6 0 3 6
4 6 . 4 4 3 2  4 2 . 2 2 1 1  3 8 . 7 0 2 7  3 5 . 7 2 5 6  
* k v t a b l e  8 * *  K v a l u e  t a b l e  f o r  N2
2 7 . 0 1 8 8  1 8 . 0 1 2 5  1 3 . 5 0 9 4  1 0 . 8 0 7 5  9 . 0 0 6 3  7 . 7 1 9 7  6 . 7 5 4 7  6 . 0 0 4 2  5 . 4 0 3 8  4 . 9 1 2 5  4 . 5 0 3 1
4 . 1 5 6 7
3 8 . 0 4 8 3  2 5 . 3 6 5 5  1 9 . 0 2 4 1  1 5 . 2 1 9 3  1 2 . 6 8 2 8  1 0 . 8 7 0 9  9 . 5 1 2 1  8 . 4 5 5 2  7 . 6 0 9 7  6 . 9 1 7 9  6 . 3 4 1 4  
5 . 8 5 3 6
4 8 . 9 6 4 5  3 2 . 6 4 3 0  2 4 . 4 8 2 2  1 9 . 5 8 5 8  1 6 . 3 2 1 5  1 3 . 9 8 9 8  1 2 . 2 4 1 1  1 0 . 8 8 1 0  9 . 7 9 2 9  8 . 9 0 2 6  8 . 1 6 0 7  
7 . 5 3 3 0
5 9 . 4 2 2 5  3 9 . 6 1 5 0  2 9 . 7 1 1 3  2 3 . 7 6 9 0  1 9 . 8 0 7 5  1 6 . 9 7 7 9  1 4 . 8 5 5 6  1 3 . 2 0 5 0  1 1 . 8 8 4 5  1 0 . 8 0 4 1  9 . 9 0 3 8  
9 . 1 4 1 9
6 9 . 2 6 3 8  4 6 . 1 7 5 9  3 4 . 6 3 1 9  2 7 . 7 0 5 5  2 3 . 0 8 7 9  1 9 . 7 8 9 7  1 7 . 3 1 6 0  1 5 . 3 9 2 0  1 3 . 8 5 2 8  1 2 . 5 9 3 4  1 1 . 5 4 4 0  
1 0 . 6 5 6 0
7 8 . 4 3 4 0  5 2 . 2 8 9 3  3 9 . 2 1 7 0  3 1 . 3 7 3 6  2 6 . 1 4 4 7  2 2 . 4 0 9 7  1 9 . 6 0 8 5  1 7 . 4 2 9 8  1 5 . 6 8 6 8  1 4 . 2 6 0 7  1 3 . 0 7 2 3  
1 2 . 0 6 6 8
8 6 . 9 3 4 5  5 7 . 9 5 6 3  4 3 . 4 6 7 2  3 4 . 7 7 3 8  2 8 . 9 7 8 2  2 4 . 8 3 8 4  2 1 . 7 3 3 6  1 9 . 3 1 8 8  1 7 . 3 8 6 9  1 5 . 8 0 6 3  1 4 . 4 8 9 1  
13 . 3 7 4 5
9 4 . 7 9 5 2  6 3 . 1 9 6 8  4 7 . 3 9 7 6  3 7 . 9 1 8 1  3 1 . 5 9 8 4  2 7 . 0 8 4 3  2 3 . 6 9 8 8  2 1 . 0 6 5 6  1 8 . 9 5 9 0  1 7 . 2 3 5 5  1 5 . 7 9 9 2  
1 4 . 5 8 3 9
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1 0 2 . 0 5 9 2  6 8 . 0 3 9 5  5 1 . 0 2 9 6  4 0 . 8 2 3 7  3 4 . 0 1 9 7  2 9 . 1 5 9 8  2 5 . 5 1 4 8  2 2 . 6 7 9 8  2 0 . 4 1 1 8  1 8 . 5 5 6 2
1 7 . 0 0 9 9  1 5 . 7 0 1 4
1 0 8 . 7 7 4 1  7 2 . 5 1 6 1  5 4 . 3 8 7 1  4 3 . 5 0 9 7  3 6 . 2 5 8 0  3 1 . 0 7 8 3  2 7 . 1 9 3  5 2 4 . 1 7 2 0  2 1 . 7 5 4 8  1 9 . 7 7 7 1
1 8 . 1 2 9 0  1 6 . 7 3 4 5
1 1 4 . 9 8 7 6  7 6 . 6 5 8 4  5 7 . 4 9 3 8  4 5 . 9 9 5 1  3 8 . 3 2 9 2  3 2 . 8 5 3 6  2 8 . 7 4 6 9  2 5 . 5 5 2 8  2 2 . 9 9 7 5  2 0 . 9 0 6 8
1 9 . 1 6 4 6  1 7 . 6 9 0 4
1 2 0 . 7 4 5 2  8 0 . 4 9 6 8  6 0 . 3 7 2 6  4 8 . 2 9 8 1  4 0 . 2 4 8 4  3 4 . 4 9 8 6  3 0 . 1 8 6 3  2 6 . 8 3 2 3  2 4 . 1 4 9 0  2 1 . 9 5 3 7
2 0 . 1 2 4 2  1 8 . 5 7 6 2
1 2 6 . 0 8 9 1  8 4 . 0 5 9 4  6 3 . 0 4 4 5  5 0 . 4 3 5 6  4 2 . 0 2 9 7  3 6 . 0 2 5 4  3 1 . 5 2 2 3  2 8 . 0 1 9 8  2 5 . 2 1 7 8  2 2 . 9 2 5 3
2 1 . 0 1 4 8  1 9 . 3 9 8 3  
* *  R e f e r e n c e  c o n d i t i o n s
♦ p r s r  1 4 . 7  * t e m r  77 * p s u r f  1 4 . 6 5  * t s u r f  62
* *  =============== ROCK-FLUID PROPERTIES = = == = == == = = = = = = = = = = = = =
♦ r o c k f l u i d
* s w t * *  W a t e e r - o i l  r e l a t i v e  p e r m e a b i l i t i e
* *  Sw Krw Krow
★ ★ ----- --
0 . 1 0 . 0 0 . 9
0 . 2 5 0 . 0 0 4 0 . 6
0 . 4 4 0 . 0 2 4 0 . 2 8
0 . 5 6 0 . 0 7 2 0 . 1 4 4
0 . 6 7 2 0 . 1 6 8 0 . 0 4 8
0 . 7 1 7 0 . 2 5 6 0 . 0
* s l t * *  L i q u i d - g a s  r e l a t i v e  p e r m e a b i l i t i e s
* *  S I Kr g K ro g
* *  -------
0 . 2 1 0 . 4 8 4 0 . 0
0 . 3 2 0 . 3 4 8 0 . 0 1
0 . 4 0 . 2 8 8 0 . 0 2 4
0 . 4 7 2 0 . 1 8 4 0 . 0 5 2
0 . 5 8 0 . 0 8 6 0 . 1 5 2
0 . 6 8 0 . 0 2 4 0 . 2 7 2
0 . 7 9 8 0 . 0 0 6 0 . 4 4 8
0 . 8 0 0 0 . 0 0 . 9
♦ *  O v e r r i d e  c r i t i c a l s a t u r a t i o n s  on t a b l e
♦ *  * s w r  0 . 25 * s o r w  0 . 25 * s g r  0 . 1 2  * s o r g  0 . 2
♦ *  * s w r  0 . 25 * s o r w  0 . 28 * s g r  0 . 1 7  * s o r g  0 . 2
* s w r  0 . 2 5  
*
♦ s o r w  0 . 2 8 ♦ s g r  0 . 2 0  * s o r g  0 . 2
rTrpT A T ✓’"’/'MvTPkT rp T /"MkT O _ — — — — — — — _ — — —I l l l A l j  L UM U l l l U o  ------= -------------------------------= =***=
♦ i n i t i a l
♦ p r e s  * c o n 1 0 1 5 . 2 7 * *  h i g h  i n i t i a l  p r e s s u r e  70 b a r  ( 7 0 0 0  kPa  o r  1 0 1 5 . :
p s i )
* *  S o i = 0 . 4 5  & S w i = 0 . 5 0
♦sw * c o n 0 . 5 0 * *  i n i t i a l  w a t e r  s a t u r a t i o n  i s  0 . 5 0
♦so * c o n 0 . 4 5 * *  i n i t i a l  gas s a t u r a t i o n  i s  0 . 0 5
♦ t emp * c o n 1 4 5 . 4 * *  R e s e r v o i r  Bed T e m p e r a t u r e  63 oC ( 1 4 5 . 4  oF )
* *
* *  Gas i n t u b e  a t  t h e i n i t i a l  c o n d i t i o n s  i s  N2 w i t h  s m a l l  c o n c e t r a t i o n  o f  C l - 5
* *  a t  e q u i l i b r i u m  w i t h . t h e  l i q u i d  p e t r o l e u m  p h a s e .
*★ 1 2 3 4 5 6 7 8
9 10
* *  ' H20 ' ' C 2 1 + ' ' 0 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' C H 4 ' ' 0 0 2 '  ' N 2 '  ' 0 2 '  ' CO'  'COKE'
♦ m o l e f r a c ♦ g as  * c o n 4 * 0 . 0  0 . 0 0 3  0 . 0  0 . 0  0 . 9 9 7  0 .  0 .
* *  * m o l e f r a c  * g a s  * c o n  5 * 0 . 0  0 . 7 9  0 . 2 1  0 . 0
* *  I n i t i a l  p e t r o l e u m  p h a s e  f r a c t i o n  a r e : C 2 1 + = 0 . 3 5 8 7 5 5 4 8  C l l - 2 0 = 0 . 3 7 3 6 0 9 0 6
* *  0 6 - 1 0 = 0 . 1 9 2 9 3 2 9 2  C l - 5
= 0 . 0 7 4 7 0 2 5 5
* *  A f t e r  e q u i l i b i z a t i o n  w i t h  t h e  N2 ga s  p h as e  t h e  N i t r o g e n  f r a c t i o n  i n  t h e  o i l  p h a se  
i s  0 . 0 4  and
* *  t h e  h y d r o c a r b o n  f r a c t i o n  a r e :  C21+  = 0 . 3 3 3 6 4 3  0 1 1 - 2 0 = 0 . 3 4 7 4 5 7
* *  0 6 - 1 0  = 0 . 1 7 9 4 2 7  C l - 5  = 0 . 0 6 9 4 7 3
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♦ ♦ 1 2 3 4 5
9 10
♦♦  ' H 2 0 ' ' C 2 1 + '  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH 4' ' C 02 '
' COKE'
♦MOLEFRAC ♦ O I L  ♦CON 0 .  0 . 0 0 9 6  0 . 5 7 3 3  0 . 2 9 0 5  0 . 0 7 1 9  0 . 0 0 3 1  0.
♦♦ ♦MOLEFRAC ♦ O I L  ♦CON 0 .  0 . 3 3 0 0 3  0 . 3 4 3 7 2 4  0 . 1 7 7 5  0 . 0 6 8 7 5  0.
* *  ____________________________________________________________________________
♦♦ ------------------------------  NUMERICAL CONTROL = = = = = = = = = = = = ------======
♦ n u m e r i c a l  ♦♦  A l l  t h e s e  ca n b e  d e f a u l t e d .  The  d e f i n i t i o n s
♦♦  h e r e  m a t c h  t h e  p r e v i o u s  d a t a .
♦ m a x st ep s  4 5 0 0  ♦ n o r t h  10 ♦ n e w t o n c y c  29 ♦ i t e r m a x  120  
♦ u n r e l a x  - 1  
♦ p i v o t  ♦on  
♦ p v t o s c m a x  15
♦norm p r e s s  280  s a t u r  0 . 3 9  te mp 250
♦♦ ♦norm p r e s s  15 s a t u r  . 1  t e mp 40 y  . 1  x  . 1
♦♦ ♦ c o n v e r g e  p r e s s  . 1 5  s a t u r  . 0 0 2  te mp .5  y  . 0 0 2  x  . 0 0 2
♦ c o n v e r g e
♦ p r e s s  4 . 3 5  
♦ s a t u r  0 . 0 4 9  
♦ t emp 1 . 7 9  
♦y  0 . 0 9  
♦x  0 . 0 9  
♦w 0 . 0 9  
♦ z o  0 . 0 4  
♦ z n c g  0 . 0 4  
♦ z a q  0 . 5  
♦ w e l l r e s  1 
♦ m a t b a l t o l  1
♦ r un
♦♦  = = = = = = = = = = = = = =  RECURRENT DATA = = = = = = = = = = = == = == = == = ==
t i m e  0 d t w e l l  . 0 0 0 5  
* *  t i m e  0 d t w e l l  . 0 0 5
w e l l  1 ' IN JE C TOR '  i n j e c t o r  1 
o p e r a t e  gas 5 . 5 4 7 2 1  ♦♦  I n j e c t i o n  R a t e  5 . 5 4 7 2 1  f t 3 / h r  ( 2 6 1 8  c m 3 / m i n  /
20 SM3/M2 HR)
♦ ♦ T o t a l  i n j e c t i o n  f l u x  60 m 3/ m2hr
s t d
♦♦ 1 2 3  4 5 6 7 8
9 10
♦♦ ' H 2 0 ' ' C 2 1 + '  ' C 1 0 - 2 0 ' ' C 6 - 9 '  ' C 2 - 5 '  ' CH 4' ' C 0 2 '  ' N 2 '  ' 0 2 '  ' CO'
' COKE'
incomp gas  7 ^ 0 . 0  0 . 7 9  0 . 2 1  0 . 0  ♦♦  A i r  i n j e c t i o n  21% 02  & 79% N2
t i n j o v  1 4 5 . 4  
p e r f  1 ♦♦  i  j  k  w i ( g a s )
1 1 9 5 : 9 6  0 . 1 4
♦♦ 1 1 64 0 . 1 4  ♦♦  1 1  1 2 7 : 1 2 8  0 . 1 4
♦♦ 1 1 32 5 . 5 4
w e l l  2 'PRODUCER'  p r o d u c e r  2 
OPERATE MAX L I Q U I D  0 . 0 7 2  
OPERATE BHP 1 0 6 5 .  
m o n i t o r  t e mp 1 1 0 0  s t o p  
g e o m e t r y  k  - 1  1 1 0 
p e r f  ge o 2 ♦♦  i  j  k
1 1 1
t i m e  . 0 1  ♦SHUTIN 2 
t i m e  . 1 0  ♦OPEN 2 
t i m e  . 1 5  
t i m e  . 1 6
♦♦  h e a t r  i j k  1 1 12 8  662
t e m p e r a t u r e
♦♦ h e a t r  i j k  1 1  64 500
♦♦  h e a t r  i j k  1 1  63 500
♦♦  L i n e a r  p r e s s u r e  d r o p  a t  t u b e  end
♦♦  Use e x t e r n a l  h e a t e r s  t o  r a i s e  t h e
♦♦  Use e x t e r n a l  h e a t e r s  t o  r a i s e  t h e  t e m p e r a t u r e  
♦♦  Use e x t e r n a l  h e a t e r s  t o  r a i s e  t h e  t e m p e r a t u r e
6 7 8
' N 2 ' ' 0 2 '  'CO'
0 . 0 6 1 2  
0 . 0 8  0 .
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h e a t r  i j k  1 1 96 500 * * Use e x t e r n a l h e a t e r s t o r a i s e t h e t e m p e r a t u r e
h e a t r  i j k  1 1 95 500 * * Use e x t e r n a l h e a t e r s t o r a i s e t h e t e m p e r a t u r e
h e a t r  i j k  1 1 94 500 *★ Use e x t e r n a l h e a t e r s t o r a i s e t h e t e m p e r a t u r e
h e a t r  i j k  1 1 93 500 *★ Use e x t e r n a l h e a t e r s t o r a i s e t h e t e m p e r a t u r e
* *  h e a t r  i j k  
t e m p e r a t u r e
; 1 1 128 500 * *  Use e x t e r n a l  h e a t e r s  t o  r a i s e  t h e
* *  h e a t r  i j k  1 1 127  500 * *  Use e x t e r n a l  h e a t e r s  t o  r a i s e  t h e  t e m p e r a t u r e
* *  h e a t r  i j k  1 1 126 500  * *  Use e x t e r n a l  h e a t e r s  t o  r a i s e  t h e  t e m p e r a t u r e
* *  h e a t r  i j k  1 1 125 500  * *  Use e x t e r n a l  h e a t e r s  t o  r a i s e  t h e  t e m p e r a t u r e
t i m e  . 3 6
h e a t r  con 0 * *  S h u t  o f f  e x t e r n a l  h e a t e r s
t i m e  . 6 5
o u t s r f  g r i d  none  
t i m e  .7
o u t s r f  g r i d  none  
t i m e  .8
o u t s r f  g r i d  none  
t i m e  1 . 0 6 7
INJECTOR 1
OPERATE GAS 4 . 1 6 0 4 1  
PRODUCER 2
OPERATE MAX L I Q U I D  0 . 0 1 1 8 7
o u t s r f  g r i d  p r e s  sw so sg temp y  x  w s o l c o n c  o b h l o s s
masdenw masdeno masdeng pcow pc og  v i s w  v i s o  v i s g  
k r w  k r o  k r g  k v a l y w  k v a l y x  cmpdenw cmpdeno cmpv isw  
c m pv i s o  c mp v is g  c c h l o s s
t i m e  1 . 6
INJECTOR 1
OPERATE GAS 3 . 3 2 8 3 3  
PRODUCER 2
OPERATE MAX L I Q U I D  0 . 0 1 2 2 9  
o u t s r f  g r i d  none  
t i m e  2
o u t s r f  g r i d  none  
t i m e  2 . 2 1 7  
PRODUCER 2
OPERATE MAX L I Q U I D  0 . 0 2 2 4 6  
o u t s r f  g r i d  none  
t i m e  2 . 6 6 7
INJECTOR 1
OPERATE GAS 2 . 2 1 8 8 8  
PRODUCER 2
OPERATE MAX L I Q U I D  0 . 0 1 5 8 9  
o u t s r f  g r i d  none  
t i m e  3
o u t s r f  g r i d  none
t i m e  3 . 2 5  
t i m e  3 . 5
o u t s r f  g r i d  none  
t i m e  3 . 7 5  
t i m e  4
o u t s r f  g r i d  none  
t i m e  4 . 2 6 7
PRODUCER 2
OPERATE MAX L I Q U I D  0 . 0 1 3 5 6  
o u t s r f  g r i d  none
t i m e  5
o u t s r f  g r i d  p r e s  sw so sg temp y  x  w s o l c o n c  o b h l o s s
masdenw masdeno masdeng pcow pc og  v i s w  v i s o  v i s g  
k r w  k r o  k r g  k v a l y w  k v a l y x  cmpdenw cmpdeno cmpv isw  
c m p v i s o  c m p v i sg  c c h l o s s
t i m e  6
o u t s r f  g r i d  none  
t i m e  7 . 1 5 0
INJECTOR 1 
OPERATE GAS 1 . 1 6 4 9 1  
o u t s r f  g r i d  none  
t i m e  8
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o u t s r f  g r i d  p r e s  sw so sg te mp y  x  w s o l c o n c  o b h l o s s
masdenw masdeno masdeng pcow pc og  v i s w  v i s o  v i s g  
k r w  k r o  k r g  k v a l y w  k v a l y x  cmpdenw cmpdeno cmpv isw  
c m pv i s o  c mp v is g  c c h l o s s
s t o p
** DURATION OF THE EXPERIMENT 509 MIN. (8.483 HRS)
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* *  3D COMBUSTION CELL TEST BY AL- HONI  -  L I GHT CLAIR O I L  4 PSEUDO COMP.  
*  *  = = = = = = = = = = = = = = = = = = = = = = : - = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =
*★____________________________________________________________________________________________
** ME DIUM/L IGHT O I L  I SC -  A L - H O N I ' S  EXPERIMENT.
* *  = = = = = = = = = = = = = = = = = = = = = = = R l _ 3 D . DAT===== == === == == == ==
* *  T h i s  i s  t h e  STARS d a t a  s e t  f o r  RUNl  3D I SC E x p e r i m e n t  
* *  SEPERATOR S TA B IL I ZE D  CLAIR  TYPE L I GHT CRUDE 
* *  DOWDIP HORIZONTAL PRODUCER 
* *  UPDI P HORIZONTAL INJECTOR.
* * 1 )
*  *







* * 4 )
* * 5)
* * 6 )
* * 7 )
★ ★
* *  S p e c i a l  F e a t u r e s :
F o u r  h y d r o c a r b o n  co mp o ne nt s :  t h r e e  l i q u i d  C1 1+ .  C 6 - 1 0 .  C l - 5  an d on e  s o l i d .
S t o c k t a n k  s t a b i l i z e d  o i l  i s  us e d  and CH4 c o m p o s i t i o n  i s  n e g l i g i b l e .
Two n o n - c o n d e n s i b l e  g a s e s :  o x yg e n & CO g a s e s .
F o u r  c o m b u s t i o n  r e a c t i o n s :
( a )  c r a c k i n g  o f  h e a v y  o i l  t o  l i g h t  o i l  and  c o k e .
( b )  C11+ h e a v y  o i l  b u r n i n g .
( c )  C 6 - 1 0  l i g h t  o i l  b u r n i n g .
( d )  COKE b u r n i n g .
B u r n i n g  p r o d u c e s  w a t e r  an d C0+C02 m i x t u r e .
I n i t i a l  p r e s s u r e  25  p s i g  ( 4 0 p s i a )  & R e s e r v o i r  Bed T e m p e r a t u r e  65 oC ( 1 4 0  oF)  
I n j e c t i o n  end i s  h e a t e d  e x t e r n a l l y ,  i g n i t i o n  t e m p e r a t u r e  3 5 0  oC ( 6 6 2  o F ) . 
p o r s i t y :  36 . 6% P e r m e a b i l i t y :  1004  mD
W a t e r  s a t u r a t i o n :  30% O i l  S a t u r a t i o n :  65% and
5% gas  s a t u r a t i o n  assumed n i t r o g e n  t h e  i n t i a l  c o n d i t i o n s .
* *  = = = = = = = == = == = =  INPUT/OUTPUT CONTROL = = == = == = = = = = = = = = = = = = = =
f i l e n a m e  o u t p u t  i n d e x - o u t  m a i n - r e s u l t s - o u t  * *  Use d e f a u l t  f i l e  names
♦ T i t l e l  ' R UN l  3D I N - S I T U  COMBUSTION EXPE RI ME NT. 1 
* T i t l e 2  ' C LA IR  TYPE CRUDE -  LOW PRESSURE 40  P S I A . '
* T i t l e 3  ' A l - H o n i  s E x p e r i m e n t a l  Work S i m u l t e d  by  John T i n g a s . '
♦ i n u n i t  f i e l d  e x c e p t  1 1  * *  h r s  i n s t e a d  o f  days
e x c e p t  11  1 * *  f t 3  i n s t e a d  o f  b b l
♦OUTUNIT LAB
♦ o u t p r n  * g r i d  p r e s  sw so sg te mp y  x  s o l c o n c  o b h l o s s  v i s o  
♦ o u t p r n  * w e l l  * a l l
* w r s t  30 0  * w p r n  * g r i d  30 0  * w p r n  * i t e r  300
o u t s r f  g r i d  p r e s  sw so sg t emp y  x  w s o l c o n c  o b h l o s s
masdenw masdeno masdeng pcow pcog v i s w  v i s o  v i s g  
k r w  k r o  k r g  k v a l y w  k v a l y x  cmpdenw cmpdeno cmpv isw  
c m pv i s o  c m p v i s g  c c h l o s s
o u t s r f  s p e c i a l  b l k v a r  temp 0 1 * *  T h i s t o r y ,  b l o c k  1
b l k v a r  t emp 0 66 * *  T h i s t o r y ,  b l o c k  66
b l k v a r  temp 0 68 * *  T h i s t o r y ,  b l o c k  68
b l k v a r  te mp 0 70 * *  T h i s t o r y ,  b l o c k  70
a v g v a r  t emp 0 ** a v e r a g e  T i n  t u b e
b l k v a r  s o l c o n c  9 16 * *  Coke c o nc .  "
b l k v a r  y  5 1 * *  y ( C 0 2 ) . "
b l k v a r  y  7 1 * *  y ( o x y g e n ) . "
b l k v a r  y  8 1 * *  y ( C O ) . "
** b l k v a r  k r o  0 16 * *  o i l  r e l  pe rm.  "
* *  m a x v a r  s o l c o n c  9 * *  max co k e  conc  i n  t u b e
* *  m a t b a l  r e a c t i o n  1 * *  n e t  r e a c t i o n  w a t e r
* *  m a t b a l  r e a c t i o n  2 * *  n e t  r e a c t i o n  o i l
* *  m a t b a l  r e a c t i o n  e n e r g y  * *  n e t  r e a c t i o n  o x yg e n
* *  c c h l o s s  * *  n e t  cum h e a t  f r o m  h e a t e r s
* *  t f r o n t  40 0  * *  40 0  deg f r o n t  p o s i t i o n
* *  t f r o n t  1 2 0 0  * *  12 00  deg  f r o n t  p o s i t i o n
* *  t f r o n t  1 2 0 0  b a c k w a r d  * *  12 00  deg b a c k w a r d  f r o n t  p o s i t i o n
♦PARTCLMLWT 1 3 . 6  * *  COKE ( C H 1 . 6 )  MOLECULAR WEIGHT I S  1 3 . 6
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* *  = = = = = = = = = = = = = =  GRID a n d  r e s e r v o i r  d e f i n i t i o n  = = = = = = == = == = == = =
♦ g r i d  * c a r t  21  23 3 
* d i  * c o n  0 . 0 6 2 5
* d j  * j v a r  0 . 0 9 8 4  6 * 0 . 0 3 2 8  1 6 * 0 . 0 6 5 6
* d k  * c o n  0 . 1 0 9 3  
* p o r  * c o n  0 . 3 6 5 0  
* *  PERMEABILTY 10 04  mD
* p e r m i  * c o n  10 0 4  * p e r m j  * e q u a l s i  * p e r m k  * e q u a l s i
* *  * p e r m i  * c o n  16 00  * p e r m j  * e q u a l s i  * p er mk  * e q u a l s i
* r o c k c p  3 5 . 0 2  * t h c o n r  1 * t h c o n w  0 . 3 6  * t h c o n o  0 . 0 7 7  * t h c o n g  0 . 0 8 3 3  
* c p c  4 . 0 6
* *  = = = = = = = = = = = = = =  FLUID D E F I N I T I O N S  = = = = = = = = == = == = == = == == =
♦model  9 8 6 * *  Number  o f  n o n c o n d e n s i b l e  g a se s  i s  numy-numx = 2
* *  Number  o f  s o l i d  comp on ent s  i s  ncomp-numy = 1 
* *  N2 & C02 s o l u b l e  i n  t h e  l i q u i d  p e t r o l e u m  p h as e  
* *  02  & CO o n l y  i n  t h e  gas  p h a s e  i n s o l u b l e  i n  t h e  l i q u i d  p e t r o l e u m  p h as e
♦compname 'WATER'  ' C 1 1 + '  ' C 6 - 1 0 '  ' C l - 5 1
*  *        _______
*cmm 18 3 2 9 . 3 6  1 1 5 . 9 8
♦ p c r i t  31 5 5  1 9 6 . 9 0  3 6 3 . 0 9
♦ t c r i t  7 0 5 . 7  1 4 7 8 . 9  5 4 8 . 2
' C 0 2 ' ’ N 2 ' 0 2 '  'CO' COKE'
7 2 . 1 5  4 4 . 0 1  2 8 . 0 1  32 2 8 . 0 1
4 8 8 . 1  1 0 7 1 . 0  500  73 0  5 0 7 . 5
3 8 5 . 4 7  8 7 . 5 6  - 2 3 2 . 8 4  - 1 8 1 . 7 2  - 2 2 0 . 7 8
* *  'WATER'  ' C 1 1 + '  ' C 6 - 1 0 '  ' C l - 5 '  ' C 0 2 '  ' N 2 '  ' 0 2 '  ' CO'  'COKE'
★ *
♦ avg 0 3 . 9 2 6 e - 6 3 . 9 2 6 e - 6 2 . 1 6 6 e - 6 2 . 1 2 6 7 e - 4 2 . 1 9 6 0 e - 4  2 . 1 9 6 0 e - 4 2 . 1 9 6 0 e - 4
♦bvg 0 1 . 1 0 2 1 . 1 0 2 0 . 9 4 3 0 . 7 2 1 0 . 7 2 1  0 . 7 0 2 0 . 7 0 2
♦ a v i s c 0 0 . 1 3 2 6 8 3 0 . 1 3 2 8 2 3 0 . 1 5 2 2 9 6 0 . 1 9 0 2 4 8 0 . 1 3 7 8 4 9
♦ b v i s c 0 1 4 7 8 . 3 2 1 2 9 5 . 3 2 8 5 2 . 6 6 4 7 8 . 5 1 2 0 5 . 4 5
♦ molden 0 0 . 2 0 2 4 0 . 1 3 0 9 0 . 0 4 8 1 0 . 6 6 2 3  0 . 6944  * *  LBMOLE/FT3
* c p 0 4 e - 6 4 . 5 e - 6 5 e - 6  7 e -■6 7 . 5 e - 6
♦ c t l 0 1 . 4 9 6 e - 4 2 . 8 3 9 e- ■4 2 . 8 3 9 e - 4 2 . 8 3 9 e - 4 2 . 8 3 9 e - 4
* *  --------------------------------------------------------------------------------------------------------------------------------------------------
* *  CHEMICAL REACTION 1 -  C r a c k i n g :  C11+ - >  C 6 - C 1 0  + Coke
♦compname 'WATER'  ' C 1 1 + '  ' C 6 - 1 0 '  ' C l - 5 '  ' C 0 2 '  ' N 2 '  ' 0 2 '  ' CO'  'COKE'
* *                   ______
♦ s t o r e a c  0 1 0 0 0 0 0 0  0
♦ s t o p r o d  0 0 0 . 2 0 7 3 5  0 0 0 0 0 2 1 . 9 3 7 4 9
♦ f r e q f a c  2 . 0 e 5  * e a c t  2 7 0 00  * r e n t h  0
* *  CHEMICAL REACTION 2 - C r a c k i n g :  C11+ - >  C 1 -C 5  + Coke
♦compname 'WATER'  ' C 1 1 + '  ' C 6 - 1 0 '  ' C l - 5 '  ' C 0 2 '  ' N 2 '  ' 0 2 '  ' CO'  'COKE'
★ *
♦ s t o r e a c  0 1  0 0 0 0 0 0 0
♦ s t o p r o d  0 0 0 0 . 1 3 5 6  0 0 0 0 2 3 . 0 6 1 3
♦ f r e q f a c  2 . I e 5  * e a c t  2 5 000  * r e n t h  0 
★ ★      ___________________________ _____________
* *  CHEMICAL REACTION 3 -  H eav y  O i l  B u r n i n g :  C11+ + 02  - >  H20 + CO/CO + e n e r g y
♦compname 'WATER'  ' C 1 1 + '  ' C 6 - 1 0 '  ' C l - 5 '  ' C 0 2 '  ' N 2 '  ' 0 2 '  ' CO'  'COKE'
* *                  ______
♦ s t o r e a c  0 1 0 0 0 0 2 0 . 9 4 4 7 2  0 0
♦ s t o p r o d  1 8 . 9 3 6 3 2  0 0 0 0 0 0 2 2 . 9 5 3 1 1  0
♦ f r e q f a c  3 . 0 2 0 e l 0  * e a c t  1 3 5 0 0  * r e n t h  7 7 7 4 . 0 6  
* *  --------------------------------------------------------------------------------------------------------------------------------------------------
* *  CHEMICAL REACTION 4 -  L i g h t  O i l  B u r n i n g :  C 6 - C 1 0  + 0 2  - >  H20 + CO + e n e r g y
♦compname 'WATER'  ' C 1 1 + '  ' C 6 - 1 0 '  ' C l - 5 '  ' C 0 2 '  ' N 2 '  ' 0 2 '  'CO'  'COKE'
* *                  ______
♦ s t o r e a c  0 0 1 0 0 0 8 . 9 7 0 3 0 2  0 0
♦ s t o p r o d  1 0 . 3 5 4 7 3  0 0 0 0 0 0 7 . 5 8 5 8 7 9  0
♦ f r e q f a c  3 . 0 2 0 e l 0  * e a c t  1 5 5 0 0  * r e n t h  2 6 8 5 . 3 3  
★ ★     _ _ _ _ _ _ _ _ _ _ _   _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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♦ ♦  CHEMICAL REACTION 5 -  H y d r o c a r b o n  Gas B u r n i n g :  
♦compname 'WATER'  ' C 1 1 + '  ' C 6 - 1 0 '  ' C l - 5 '  ' C 0 2 '
* *
♦ s t o r e a c  0 0 0
C 1 - C5  + 02  - >  H20 + CO + e n e r g y  
’N 2 ' ' 0 2 '  ' CO'  'COKE'
♦ s t o p r o d  6 . 6 8 5 9 9 8  
♦ f r e q f a c  3 . 0 2 0 e l 0  
*  *  --------------------------------
0 0 
♦ e a c t  1 5 0 00
 1 
0 0 
♦ r e n t h  1 8 5 . 3 4 6 6
5 . 7 9 2 0 8 2  0
0 4 . 8 9 8 1 6 7
♦♦  CHEMICAL REACTION 6 -  Coke  B u r n i n g :  Coke + 02
♦compname  
★ ★
'WATER'  ' C 1 1 + '  ' C 6 - 1 0 ' ' C l - 5 '  ' C 0 2 '
- >  H20 + C02 + 
' N 2 ' ' 0 2 '  ' CO'
e n e r g y  
' COKE'
♦ e a c t  55 00
0 0 
0 0 
♦ r e n t h  4 3 7 . 1 9
1 . 4♦ s t o r e a c  0
♦ s t o p r o d  0 . 8
♦ f r e q f a c  3 . 0e5
*  *  --------------------------------------------------------------------------------------------------------------------------------------------------
♦♦  CHEMICAL REACTION 7 - Gas b u r n i n g :  CH4 + 20 2  - >  2H20 + C02 + e n e r g y  
♦♦  ♦compname ' H 2 0 '  ' C 7 + '  ' C 2 - C 6 '  ' C H 4 ' ' C 0 2 '  ' 0 2 '  'COKE'
♦♦  ♦compname ' H 2 0 '  ' C 1 1 + '  ' C 6 - 1 0 '  ' C l - 5 '  ' C 0 2 '  ' N 2 '  ' 0 2 '  ' CO'  'COKE'
★ ★    —    -
♦ ♦  ♦ s t o r e a c  0 0
♦♦  ♦ s t o p r o d  2 0
♦♦  ♦ f r e q f a c  3 . 0 2 0 e l 0
♦♦  ♦ e a c t  5 9 450
♦ ♦  ♦ r e n t h  5 0 2 . 5 3 3
*  * -----------------------------------------------
♦ ♦  CHEMICAL REACTION 8 - 
♦compname 'WATER'  ' C 1 1 + '
* *      —
♦ s t o r e a c  0 0 0
♦ s t o p r o d  0 0 0
♦ ♦  R e a c t i o n  E n t h a l p y  B T U / l b m o l e
C ar b o n  M o n o x i d e  b u r n i n g :  
' C 6 - 1 0 '  ' C l - 5 '  ' C 0 2 '
CO + 0 . 5  02  
N 2 ' ' 0 2 '  'CO'
•> C02 
'COKE'
+ e n e r g y
0 . 5
♦ f r e q f a c  
♦ ♦  ♦ f r e q f a c  
♦ e a c t  
♦ r e n t h
1 .  5e5  
8 . 0 6 4 E 8  
32 50  
2 . 8 3 8 E 5
♦ s o l d e n  4 . 4
♦♦  Pseudo compo nen t  K v a l u e  t a b l e s  f o r  p r e s s u r e s  15 p s i  & 125 p s i  10 0  F t o  1 3 0 0  F be  
100 deg i n t e r v a l s  
♦ k v t a b l i m  15 12 5  10 0  1300
♦kvtable 2 ♦♦  K valu e ta b le  fo r  C11+
4 . 4 0 0 E - 0 6  2 . 6 4 0 E - 0 6  1 . 8 8 6 E - 0 6  1 . 4 6 7 E - 0 6  1 . 2 0 0 E - 0 6  1 . 0 1 5 E - 0 6
8 . 8 0 0 E - 0 7  7 . 7 6 5 E - 0 7  6 . 9 4 8 E - 0 7  6 . 2 8 6 E - 0 7  5 . 7 3 9 E - 0 7
5 . 2 8 0 E - 0 7
1 . 8 1 8 E - 0 4  1 . 0 9 1 E - 0 4  7 . 7 9 0 E - 0 5  6 . 0 5 9 E - 0 5  4 . 9 5 7 E - 0 5  4 . 1 9 5 E - 0 5
3 . 6 3 5 E - 0 5  3 . 2 0 8 E - 0 5  2 . 8 7 0 E - 0 5  2 . 5 9 7 E - 0 5  2 . 3 7 1 E - 0 5
2 . 1 8 1 E - 0 5
2 . 8 2 0 E - 0 3  1 . 6 9 2 E - 0 3  1 . 2 0 9 E - 0 3  9 . 4 0 1 E - 0 4  7 . 6 9 2 E - 0 4  6 . 5 0 8 E - 0 4
5 . 6 4 1 E - 0 4  4 . 9 7 7 E - 0 4  4 . 4 5 3 E - 0 4  4 . 0 2 9 E - 0 4  3 . 6 7 9 E - 0 4
3 . 3 8 4 E - 0 4
2 . 3 1 3 E - 02 1 . 3 8 8 E - 0 2  9 . 9 1 2 E - 0 3  7 . 7 0 9 E - 0 3  6 . 3 0 8 E - 0 3  5 . 3 3 7 E - 0 3
4 . 6 2 6 E - 0 3  4 . 0 8 1 E - 0 3  3 . 6 5 2 E - 0 3  3 . 3 0 4 E - 0 3  3 . 0 1 7 E - 0 3
2 . 7 7 5 E - 0 3
1 . 2 2 4 E - 0 1  7 . 3 4 1 E - 0 2  5 . 2 4 4 E - 0 2  4 . 0 7 8 E - 0 2  3 . 3 3 7 E - 0 2  2 . 8 2 3 E - 0 2
2 . 4 4 7 E - 0 2  2 . 1 5 9 E - 0 2  1 . 9 3 2 E - 0 2  1 . 7 4 8 E - 0 2  1 . 5 9 6 E - 0 2
1 . 4 6 8 E - 0 2
4 . 7 2 7 E - 0 1  2 . 8 3 6 E - 0 1  2 . 0 2 6 E - 0 1  1 . 5 7 6 E - 0 1  1 . 2 8 9 E - 0 1  1 . 0 9 1 E - 0 1
9 . 4 5 4 E - 0 2  8 . 3 4 1 E - 0 2  7 . 4 6 3 E - 0 2  6 . 7 5 3 E - 0 2  6 . 1 6 5 E - 0 2
5 . 6 7 2 E - 0 2
1 . 4 47E +00  8 . 6 7 9 E - 0 1  6 . 1 9 9 E - 0 1  4 . 8 2 2 E - 0 1  3 . 9 4 5 E - 0 1  3 . 3 3 8 E - 0 1
2 . 8 9 3 E - 0 1  2 . 5 5 3 E - 0 1  2 . 2 8 4 E - 0 1  2 . 0 6 6 E - 0 1  1 . 8 8 7 E - 0 1
1 . 7 3 6 E - 0 1
3 . 70 7E+ 00  2 . 22 4E+ 00  1 . 5 8 9 E + 0 0  1 . 2 3 6 E + 0 0  1 . 0 1 1 E + 0 0  8 . 5 5 4 E - 0 1
7 . 4 1 3 E - 0 1  6 . 5 4 1 E - 0 1  5 . 8 5 3 E - 0 1  5 . 2 9 5 E - 0 1  4 . 8 3 5 E - 0 1
4 . 4 4 8 E - 0 1
8 . 2 7 1E +00  4 . 96 2E+ 00  3 . 5 4 5 E + 0 0  2 . 7 5 7 E + 0 0  2 . 2 5 6 E + 0 0  1 . 9 0 9 E + 0 0
1 . 6 5 4 E +0 0  1 . 4 6 0 E +0 0  1 . 3 0 6 E + 0 0  1 . 1 8 2 E + 0 0  1 . 0 7 9 E + 0 0
9 . 9 2 5 E - 0 1
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1 . 6 53E +01  9 . 92 0E + 00  7 . 0 8 6 E + 0 0  5 . 5 1 1 E + 0 0  4 . 5 0 9E +00  3 . 8 1 5 E + 0 0
3 . 3 0 7 E+ 00  2 . 9 1 8 E + 0 0  2 . 6 1 1 E + 0 0  2 . 3 6 2 E + 0 0  2 . 1 5 7 E + 0 0
1 . 98 4E + 00
3 . 02 4E + 01  1 . 8 1 5 E +0 1  1 . 2 9 6 E + 0 1  1 . 0 0 8 E + 0 1  8 . 2 4 8 E + 0 0  6 . 9 7 9 E + 0 0
6 . 0 4 8 E+ 00  5 . 3 3 7 E +0 0  4 . 7 7 5 E + 0 0  4 . 3 2 0 E + 0 0  3 . 9 4 5 E + 0 0
3 . 62 9E + 00
5 1 . 4 3 4 8 0  3 0 . 8 6 0 8 8  2 . 2 0 4 E + 0 1  1 . 7 1 4 E + 0 1  1 . 4 0 3 E + 0 1  1 . 1 8 7 E + 0 1
1 . 0 2 9 E+ 01  9 . 07 7E + 00  8 . 1 2 1 E + 0 0  7 . 3 4 8 E + 0 0  6 . 7 0 9 E + 0 0
6 . 1 72E +00
8 2 . 3 5 6 3 9  4 9 . 4 1 3 8 3  3 5 . 2 9 5 5 9  2 . 7 4 5 E + 0 1  2 . 2 4 6 E + 0 1  1 . 9 0 1 E + 0 1
1 . 6 4 7 E+ 01  1 . 4 5 3 E + 0 1  1 . 3 0 0 E + 0 1  1 . 1 7 7 E + 0 1  1 . 0 7 4 E + 0 1
9 . 8 83E +00
* k v t a b l e  3 * *  K v a l u e  t a b l e  f o r  C 6 - 1 0
0 . 0 6 4 0  0 . 0 3 8 4  0 . 0 2 7 4  0 . 0 2 1 3  0 . 0 1 7 5  0 . 0 1 4 8  0 . 0 1 2 8  0 . 0 1 1 3  0 . 0 1 0 1  0 . 0 0 9 1  0 . 0 0 8 3
0 . 0 0 7 7
0 . 4 8 8 5  0 . 2 9 3 1  0 . 2 0 9 4  0 . 1 6 2 8  0 . 1 3 3 2  0 . 1 1 2 7  0 . 0 9 7 7  0 . 0 8 6 2  0 . 0 7 7 1  0 . 0 6 9 8  0 . 0 6 3 7
0 . 0 5 8 6
2 . 1 8 3 9  1 . 3 1 0 3  0 . 9 3 6 0  0 . 7 2 8 0  0 . 5 9 5 6  0 . 5 0 4 0  0 . 4 3 6 8  0 . 3 8 5 4  0 . 3 4 4 8  0 . 3 1 2 0  0 . 2 8 4 9
0 . 2 6 2 1
6 . 8 9 1 8  4 . 1 3 5 1  2 . 9 5 3 6  2 . 2 9 7 3  1 . 8 7 9 6  1 . 5 9 0 4  1 . 3 7 8 4  1 . 2 1 6 2  1 . 0 8 8 2  0 . 9 8 4 5  0 . 8 9 8 9
0 . 8 2 7 0
1 7 . 1 1 8 0  1 0 . 2 7 0 8  7 . 3 3 6 3  5 . 7 0 6 0  4 . 6 6 8 5  3 . 9 5 0 3  3 . 4 2 3 6  3 . 0 2 0 8  2 . 7 0 2 8  2 . 4 4 5 4  2 . 2 3 2 8
2 . 0 5 4 2
3 5 . 8 1 1 4  2 1 . 4 8 6 9  1 5 . 3 4 7 8  1 1 . 9 3 7 1  9 . 7 6 6 8  8 . 2 6 4 2  7 . 1 6 2 3  6 . 3 1 9 7  5 . 6 5 4 4  5 . 1 1 5 9  4 . 6 7 1 1
4 . 2 9 7 4
6 5 . 9 6 6 1  3 9 . 5 7 9 6  2 8 . 2 7 1 2  2 1 . 9 8 8 7  1 7 . 9 9 0 7  1 5 . 2 2 2 9  1 3 . 1 9 3 2  1 1 . 6 4 1 1  1 0 . 4 1 5 7  9 . 4 2 3 7  8 . 6 0 4 3  
7 . 9 1 5 9
1 1 0 . 2 8 3 0  6 6 . 1 6 9 8  4 7 . 2 6 4 1  3 6 . 7 6 1 0  3 0 . 0 7 7 2  2 5 . 4 4 9 9  2 2 . 0 5 6 6  1 9 . 4 6 1 7  1 7 . 4 1 3 1  1 5 . 7 5 4 7
1 4 . 3 8 4 7  1 3 . 2 3 4 0
1 7 0 . 9 5 2 2  1 0 2 . 5 7 1 3  7 3 . 2 6 5 2  5 6 . 9 8 4 1  4 6 . 6 2 3 3  3 9 . 4 5 0 5  3 4 . 1 9 0 4  3 0 . 1 6 8 0  2 6 . 9 9 2 5
2 4 . 4 2 1 7  2 2 . 2 9 8 1  2 0 . 5 1 4 3  
2 4 9 . 5 5 3 3  1 4 9 . 7 3 2 0  1 0 6 . 9 5 1 4  8 3 . 1 8 4 4  6 8 . 0 6 0 0  5 7 . 5 8 9 2  4 9 . 9 1 0 7  4 4 . 0 3 8 8
3 9 . 4 0 3 2  3 5 . 6 5 0 5  3 2 . 5 5 0 4  2 9 . 9 4 6 4  
3 4 7 . 0 4 7 8  2 0 8 . 2 2 8 7  1 4 8 . 7 3 4 8  1 1 5 . 6 8 2 6  9 4 . 6 4 9 4  8 0 . 0 8 8 0  6 9 . 4 0 9 6
6 1 . 2 4 3 7  5 4 . 7 9 7 0  4 9 . 5 7 8 3  4 5 . 2 6 7 1  4 1 . 6 4 5 7  
4 6 3 . 8 3 0 3  2 7 8 . 2 9 8 2  1 9 8 . 7 8 4 4  1 5 4 . 6 1 0 1  1 2 6 . 4 9 9 2  1 0 7 . 0 3 7 8
9 2 . 7 6 6 1  8 1 . 8 5 2 4  7 3 . 2 3 6 4  6 6 . 2 6 1 5  6 0 . 4 9 9 6  5 5 . 6 5 9 6  
5 9 9 . 8 1 0 7  3 5 9 . 8 8 6 4  2 5 7 . 0 6 1 7  1 9 9 . 9 3 6 9  1 6 3 . 5 8 4 7  1 3 8 . 4 1 7 8
1 1 9 . 9 6 2 1  1 0 5 . 8 4 8 9  9 4 . 7 0 6 9  8 5 . 6 8 7 2  7 8 . 2 3 6 2  7 1 . 9 7 7 3
♦ k v t a b l e  4 * *  K v a l u e  t a b l e  f o r  C l - 5
1 . 0 5 9 5  0 . 6 3 5 7  0 . 4 5 4 1  0 . 3 5 3 2  0 . 2 8 9 0  0 . 2 4 4 5  0 . 2 1 1 9  0 . 1 8 7 0  0 . 1 6 7 3  0 . 1 5 1 4  0 . 1 3 8 2
0 . 1 2 7 1
4 . 9 2 8 6  2 . 9 5 7 2  2 . 1 1 2 3  1 . 6 4 2 9  1 . 3 4 4 2  1 . 1 3 7 4  0 . 9 8 5 7  0 . 8 6 9 8  0 . 7 7 8 2  0 . 7 0 4 1  0 . 6 4 2 9  
0 . 5 9 1 4
1 5 . 2 9 8 4  9 . 1 7 9 1  6 . 5 5 6 5  5 . 0 9 9 5  4 . 1 7 2 3  3 . 5 3 0 4  3 . 0 5 9 7  2 . 6 9 9 7  2 . 4 1 5 5  2 . 1 8 5 5  1 . 9 9 5 4
1 . 8 3 5 8
3 6 . 4 8 9 5  2 1 . 8 9 3 7  1 5 . 6 3 8 4  1 2 . 1 6 3 2  9 . 9 5 1 7  8 . 4 2 0 7  7 . 2 9 7 9  6 . 4 3 9 3  5 . 7 6 1 5  5 . 2 1 2 8  4 . 7 5 9 5
4 . 3 7 8 7
7 2 . 6 1 7 1  4 3 . 5 7 0 3  3 1 . 1 2 1 6  2 4 . 2 0 5 7  1 9 . 8 0 4 7  1 6 . 7 5 7 8  1 4 . 5 2 3 4  1 2 . 8 1 4 8  1 1 . 4 6 5 9  1 0 . 3 7 3 9  9 . 4 7 1 8  
8 . 7 1 4 1
1 2 6 . 9 1 6 8  7 6 . 1 5 0 1  5 4 . 3 9 2 9  4 2 . 3 0 5 6  3 4 . 6 1 3 7  2 9 . 2 8 8 5  2 5 . 3 8 3 4  2 2 . 3 9 7 1  2 0 . 0 3 9 5  1 8 . 1 3 1 0
1 6 . 5 5 4 4  1 5 . 2 3 0 0
2 0 1 . 4 6 1 6  1 2 0 . 8 7 7 0  8 6 . 3 4 0 7  6 7 . 1 5 3 9  5 4 . 9 4 4 1  4 6 . 4 9 1 1  4 0 . 2 9 2 3  3 5 . 5 5 2 1  3 1 . 8 0 9 7
2 8 . 7 8 0 2  2 6 . 2 7 7 6  2 4 . 1 7 5 4  
2 9 7 . 1 7 5 3  1 7 8 . 3 0 5 2  1 2 7 . 3 6 0 9  9 9 . 0 5 8 4  8 1 . 0 4 7 8  6 8 . 5 7 8 9  5 9 . 4 3 5 1  5 2 . 4 4 2 7
4 6 . 9 2 2 4  4 2 . 4 5 3 6  3 8 . 7 6 2 0  3 5 . 6 6 1 0  
4 1 4 . 0 0 5 9  2 4 8 . 4 0 3 6  1 7 7 . 4 3 1 1  1 3 8 . 0 0 2 0  1 1 2 . 9 1 0 7  9 5 . 5 3 9 8
8 2 . 8 0 1 2  7 3 . 0 5 9 9  6 5 . 3 6 9 4  5 9 . 1 4 3 7  5 4 . 0 0 0 8  4 9 . 6 8 0 7  
5 5 1 . 1 5 6 9  3 3 0 . 6 9 4 1  2 3 6 . 2 1 0 1  1 8 3 . 7 1 9 0  1 5 0 . 3 1 5 5  1 2 7 . 1 9 0 1
1 1 0 . 2 3 1 4  9 7 . 2 6 3 0  8 7 . 0 2 4 8  7 8 . 7 3 6 7  7 1 . 8 9 0 0  6 6 . 1 3 8 8
7 0 7 . 3 1 3 6  4 2 4 . 3 8 8 2  3 0 3 . 1 3 4 4  2 3 5 . 7 7 1 2  1 9 2 . 9 0 3 7  1 6 3 . 2 2 6 2
1 4 1 . 4 6 2 7  1 2 4 . 8 2 0 0  1 1 1 . 6 8 1 1  1 0 1 . 0 4 4 8  9 2 . 2 5 8 3  8 4 . 8 7 7 6
8 8 0 . 8 3 8 2  5 2 8 . 5 0 2 9  3 7 7 . 5 0 2 1  2 9 3 . 6 1 2 7  2 4 0 . 2 2 8 6  2 0 3 . 2 7 0 4
1 7 6 . 1 6 7 6  1 5 5 . 4 4 2 0  1 3 9 . 0 7 9 7  1 2 5 . 8 3 4 0  1 1 4 . 8 9 1 9
1 0 5 . 7 0 0 6
1 0 6 9 . 9 2 3 1  6 4 1 . 9 5 3 9  4 5 8 . 5 3 8 5  3 5 6 . 6 4 1 0  2 9 1 . 7 9 7 2  2 4 6 . 9 0 5 3
2 1 3 . 9 8 4 6  1 8 8 . 8 1 0 0  1 6 8 . 9 3 5 2  1 5 2 . 8 4 6 2  1 3 9 . 5 5 5 2
1 2 8 . 3 9 0 8
* k v t a b l e  5 * *  K v a l u e  t a b l e  f o r  C02
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8 3 . 0 4 6 7  4 9 . 8 2 8 0  3 5 . 5 9 1 5  2 7 . 6 8 2 2  2 2 . 6 4 9 1  1 9 . 1 6 4 6  1 6 . 6 0 9 3  1 4 . 6 5 5 3  1 3 . 1 1 2 6  1 1 . 8 6 3 8  1 0 . 8 3 2 2  
9 . 9 6 5 6
2 2 7 . 4 9 8 1  1 3 6 . 4 9 8 9  9 7 . 4 9 9 2  7 5 . 8 3 2 7  6 2 . 0 4 4 9  5 2 . 4 9 9 6  4 5 . 4 9 9 6  4 0 . 1 4 6 7  3 5 . 9 2 0 8
3 2 . 4 9 9 7  2 9 . 6 7 3 7  2 7 . 2 9 9 8
4 7 8 . 0 3 5 9  2 8 6 . 8 2 1 6  2 0 4 . 8 7 2 5  1 5 9 . 3 4 5 3  1 3 0 . 3 7 3 4  1 1 0 . 3 1 6 0
9 5 . 6 0 7 2  8 4 . 3 5 9 3  7 5 . 4 7 9 4  6 8 . 2 9 0 8  6 2 . 3 5 2 5  5 7 . 3 6 4 3
8 4 5 . 1 7 6 4  5 0 7 . 1 0 5 8  3 6 2 . 2 1 8 4  2 8 1 . 7 2 5 5  2 3 0 . 5 0 2 6  1 9 5 . 0 4 0 7
1 6 9 . 0 3 5 3  1 4 9 . 1 4 8 8  1 3 3 . 4 4 8 9  1 2 0 . 7 3 9 5  1 1 0 . 2 4 0 4
1 0 1 . 4 2 1 2
1 3 2 7 . 0 1 0 6  7 9 6 . 2 0 6 4  5 6 8 . 7 1 8 8  4 4 2 . 3 3 6 9  3 6 1 . 9 1 2 0  3 0 6 . 2 3 3 2
2 6 5 . 4 0 2 1  2 3 4 . 1 7 8 3  2 0 9 . 5 2 8 0  1 8 9 . 5 7 2 9  1 7 3 . 0 8 8 3
1 5 9 . 2 4 1 3
1 9 1 3 . 5 2 4 7  1 1 4 8 . 1 1 4 8  8 2 0 . 0 8 2 0  6 3 7 . 8 4 1 6  5 2 1 . 8 7 0 4  4 4 1 . 5 8 2 6
3 8 2 . 7 0 4 9  3 3 7 . 6 8 0 8  3 0 2 . 1 3 5 5  2 7 3 . 3 6 0 7  2 4 9 . 5 9 0 2
2 2 9 . 6 2 3 0
2 5 9 0 . 5 1 9 8  1 5 5 4 . 3 1 1 9  1 1 1 0 . 2 2 2 8  8 6 3 . 5 0 6 6  7 0 6 . 5 0 5 4  5 9 7 . 8 1 2 3
5 1 8 . 1 0 4 0  4 5 7 . 1 5 0 6  4 0 9 . 0 2 9 4  3 7 0 . 0 7 4 3  3 3 7 . 8 9 3 9
3 1 0 . 8 6 2 4
3 3 4 2 . 3 9 9 4  2 0 0 5 . 4 3 9 7  1 4 3 2 . 4 5 6 9  1 1 1 4 . 1 3 3 1  9 1 1 . 5 6 3 5  7 7 1 . 3 2 2 9
6 6 8 . 4 7 9 9  5 8 9 . 8 3 5 2  5 2 7 . 7 4 7 3  4 7 7 . 4 8 5 6  4 3 5 . 9 6 5 1
4 0 1 . 0 8 7 9
4 1 5 3 . 8 8 6 0  2 4 9 2 . 3 3 1 6  1 7 8 0 . 2 3 6 9  1 3 8 4 . 6 2 8 7  1 1 3 2 . 8 7 8 0  9 5 8 . 5 8 9 1
8 3 0 . 7 7 7 2  7 3 3 . 0 3 8 7  6 5 5 . 8 7 6 7  5 9 3 . 4 1 2 3  5 4 1 . 8 1 1 2
4 9 8 . 4 6 6 3
5 0 1 0 . 9 4 7 0  3 0 0 6 . 5 6 8 2  2 1 4 7 . 5 4 8 7  1 6 7 0 . 3 1 5 7  1 3 6 6 . 6 2 1 9  1 1 5 6 . 3 7 2 4
1 0 0 2 . 1 8 9 4  8 8 4 . 2 8 4 8  7 9 1 . 2 0 2 2  7 1 5 . 8 4 9 6  6 5 3 . 6 0 1 8
6 0 1 . 3 1 3 6
5 9 0 1 . 2 0 6 1  3 5 4 0 . 7 2 3 7  2 5 2 9 . 0 8 8 3  1 9 6 7 . 0 6 8 7  1 6 0 9 . 4 1 9 9  1 3 6 1 . 8 1 6 8
1 1 8 0 . 2 4 1 2  1 0 4 1 . 3 8 9 3  9 3 1 . 7 6 9 4  8 4 3 . 0 2 9 4  7 6 9 . 7 2 2 5
7 0 8 . 1 4 4 7
6 8 1 4 . 0 4 5 3  4 0 8 8 . 4 2 7 2  2 9 2 0 . 3 0 5 1  2 2 7 1 . 3 4 8 4  1 8 5 8 . 3 7 6 0  1 5 7 2 . 4 7 2 0
1 3 6 2 . 8 0 9 1  1 2 0 2 . 4 7 8 6  1 0 7 5 . 9 0 1 9  9 7 3 . 4 3 5 0  8 8 8 . 7 8 8 5
8 1 7 . 6 8 5 4
7 7 4 0 . 5 3 6 1  4 6 4 4 . 3 2 1 6  3 3 1 7 . 3 7 2 6  2 5 8 0 . 1 7 8 7  2 1 1 1 . 0 5 5 3  1 7 8 6 . 2 7 7 6
1 5 4 8 . 1 0 7 2  1 3 6 5 . 9 7 7 0  1 2 2 2 . 1 8 9 9  1 1 0 5 . 7 9 0 9  1 0 0 9 . 6 3 5 1
9 2 8 . 8 6 4 3
* k v t a b l e  6 * *  K v a l u e  t a b l e  f o r  N2
9 0 0 . 6 2 6 7  5 4 0 . 3 7 6 0  3 8 5 . 9 8 2 9  3 0 0 . 2 0 8 9  2 4 5 . 6 2 5 5  2 0 7 . 8 3 6 9
1 8 0 . 1 2 5 3  1 5 8 . 9 3 4 1  1 4 2 . 2 0 4 2  1 2 8 . 6 6 1 0  1 1 7 . 4 7 3 0
1 0 8 . 0 7 5 2
1 2 6 8 . 2 7 6 7  7 6 0 . 9 6 6 0  5 4 3 . 5 4 7 1  4 2 2 . 7 5 8 9  3 4 5 . 8 9 3 6  2 9 2 . 6 7 9 2
2 5 3 . 6 5 5 3  2 2 3 . 8 1 3 5  2 0 0 . 2 5 4 2  1 8 1 . 1 8 2 4  1 6 5 . 4 2 7 4
1 5 2 . 1 9 3 2
1 6 3 2 . 1 4 8 7  9 7 9 . 2 8 9 2  6 9 9 . 4 9 2 3  5 4 4 . 0 4 9 6  4 4 5 . 1 3 1 5  3 7 6 . 6 4 9 7
3 2 6 . 4 2 9 7  2 8 8 . 0 2 6 2  2 5 7 . 7 0 7 7  2 3 3 . 1 6 4 1  2 1 2 . 8 8 9 0
1 9 5 . 8 5 7 8
1 9 8 0 . 7 5 0 2  1 1 8 8 . 4 5 0 1  8 4 8 . 8 9 2 9  6 6 0 . 2 5 0 1  5 4 0 . 2 0 4 6  4 5 7 . 0 9 6 2
3 9 6 . 1 5 0 0  3 4 9 . 5 4 4 1  3 1 2 . 7 5 0 0  2 8 2 . 9 6 4 3  2 5 8 . 3 5 8 7
2 3 7 . 6 9 0 0
2 3 0 8 . 7 9 3 5  1 3 8 5 . 2 7 6 1  9 8 9 . 4 8 2 9  7 6 9 . 5 9 7 8  6 2 9 . 6 7 1 0  5 3 2 . 7 9 8 5
4 6 1 . 7 5 8 7  4 0 7 . 4 3 4 2  3 6 4 . 5 4 6 3  3 2 9 . 8 2 7 6  3 0 1 . 1 4 7 0
2 7 7 . 0 5 5 2
2 6 1 4 . 4 6 5 2  1 5 6 8 . 6 7 9 1  1 1 2 0 . 4 8 5 1  8 7 1 . 4 8 8 4  7 1 3 . 0 3 6 0  6 0 3 . 3 3 8 1
5 2 2 . 8 9 3 0  4 6 1 . 3 7 6 2  4 1 2 . 8 1 0 3  3 7 3 . 4 9 5 0  3 4 1 . 0 1 7 2
3 1 3 . 7 3 5 8
2 8 9 7 . 8 1 5 2  1 7 3 8 . 6 8 9 1  1 2 4 1 . 9 2 0 8  9 6 5 . 9 3 8 4  7 9 0 . 3 1 3 2  6 6 8 . 7 2 6 6
5 7 9 . 5 6 3 0  5 1 1 . 3 7 9 2  4 5 7 . 5 4 9 8  4 1 3 . 9 7 3 6  3 7 7 . 9 7 5 9
3 4 7 . 7 3 7 8
3 1 5 9 . 8 4 0 8  1 8 9 5 . 9 0 4 5  1 3 5 4 . 2 1 7 5  1 0 5 3 . 2 8 0 3  8 6 1 . 7 7 4 8  7 2 9 . 1 9 4 0
6 3 1 . 9 6 8 2  5 5 7 . 6 1 9 0  4 9 8 . 9 2 2 2  4 5 1 . 4 0 5 8  4 1 2 . 1 5 3 1
3 7 9 . 1 8 0 9
3 4 0 1 . 9 7 4 9  2 0 4 1 . 1 8 4 9  1 4 5 7 . 9 8 9 2  1 1 3 3 . 9 9 1 6  9 2 7 . 8 1 1 3  7 8 5 . 0 7 1 1
6 8 0 . 3 9 5 0  6 0 0 . 3 4 8 5  5 3 7 . 1 5 3 9  4 8 5 . 9 9 6 4  4 4 3 . 7 3 5 9
4 0 8 . 2 3 7 0
3 6 2 5 . 8 0 4 8  2 1 7 5 . 4 8 2 9  1 5 5 3 . 9 1 6 3  1 2 0 8 . 6 0 1 6  9 8 8 . 8 5 5 9  8 3 6 . 7 2 4 2
7 2 5 . 1 6 1 0  6 3 9 . 8 4 7 9  5 7 2 . 4 9 5 5  5 1 7 . 9 7 2 1  4 7 2 . 9 3 1 1
4 3 5 . 0 9 6 6
3 8 3 2 . 9 2 1 0  2 2 9 9 . 7 5 2 6  1 6 4 2 . 6 8 0 4  1 2 7 7 . 6 4 0 3  1 0 4 5 . 3 4 2 1  8 8 4 . 5 2 0 2
7 6 6 . 5 8 4 2  6 7 6 . 3 9 7 8  6 0 5 . 1 9 8 1  5 4 7 . 5 6 0 1  4 9 9 . 9 4 6 2
4 5 9 . 9 5 0 5
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4 0 2 4 . 8 4 0 2  2 4 1 4 . 9 0 4 1  1 7 2 4 . 9 3 1 5  1 3 4 1 . 6 1 3 4  1 0 9 7 . 6 8 3 7  9 2 8 . 8 0 9 3
8 0 4 . 9 6 8 0  7 1 0 . 2 6 5 9  6 3 5 . 5 0 1 1  5 7 4 . 9 7 7 2  5 2 4 . 9 7 9 2
4 8 2 . 9 8 0 8
4 2 0 2 . 9 6 9 1  2 5 2 1 . 7 8 1 5  1 8 0 1 . 2 7 2 5  1 4 0 0 . 9 8 9 7  1 1 4 6 . 2 6 4 3  9 6 9 . 9 1 5 9
8 4 0 . 5 9 3 8  7 4 1 . 7 0 0 4  6 6 3 . 6 2 6 7  6 0 0 . 4 2 4 2  5 4 8 . 2 1 3 4
5 0 4 . 3 5 6 3
♦♦  R e f e r e n c e  c o n d i t i o n s
* p r s r  1 4 . 7  * t e m r  77 ♦ p s u r f  1 4 . 6 5  * t s u r f  62
♦♦  = = = = = == == = == = =  ROCK-FLUID PROPERTIES
♦ r o c k f l u i d




i t i t
Sw Krw Krow
0 . 3 1 0 . 0 1 . 0
0 . 3 3 2 3 0 . 0 0 3 7 0 . 8 8 6 9
0 . 3 5 4 7 0 . 0 1 0 4 0 . 7 7 8 4
0 . 3 7 6 9 0 . 0 1 9 1 0 . 6 7 4 7
0 . 3 9 9 2 0 . 0 2 9 4 0 . 5 7 6 0
0 . 4 2 1 5 0 . 0 4 1 0 0 . 4 8 2 8
0 . 4 4 3 9 0 . 0 5 3 9 0 . 3 9 5 1
0 . 4 6 6 2 0 . 0 6 8 0 0 . 3 1 3 6
0 . 5 1 0 8 0 . 0 9 9 1 0 . 1 7 0 7
0 . 5 3 3 1 0 . 1 1 6 0 0 . 1 1 0 9
0 . 5 5 5 4 0 . 1 3 3 9 0 . 0 6 0 3
0 . 5 7 7 7 0 . 1 5 2 5 0 . 0 2 1 3
0 . 6 8 0 . 2 4 7 9 0 . 0
0 . 7 6 0 . 3 3 2 5 0 . 0
0 . 8 4 0 . 4 2 5 0 0 . 0
0 . 9 2 0 . 5 2 4 7 0 . 0
1 . 0 0 0 . 6 3 1 3 0 . 0
0 . 7 5 2 0 . 2 5 6 0 . 0
★ ★ L i q u i d - g a s  r e l a t i v e  perm*
S I Kr g Krog
0 . 3 1 0 . 4 9 0 0 0 . 0
0 . 4 3 0 . 3 3 4 4 0 . 0
0 . 5 9 0 9 0 . 1 7 2 2 0 . 0 0 0 8
0 . 7 1 3 9 0 . 0 8 4 4 0 . 0 4 8 1
0 . 8 3 6 4 0 . 0 2 7 6 0 . 2 5 7 7
0 . 9 5 9 1 0 . 0 0 1 7 0 . 7 5 1 3
1 . 0 0 0 0 0 . 0 1 . 0
* *  O v e r r i d e  c r i t i c a l  s a t u r a t i o n s  on t a b l e  
* *  * s w r  0 . 2 5  * s o r w  0 . 2 5  * s g r  0 . 1 2  * s o r g  0.  
* s w r  0 . 2 5  * s o r w  0 . 2 5  * s g r  0 . 1 2  * s o r g  0 . 2
*  *  = = = = = = = = = = = = = =
♦ i n i t i a l  
♦ p r e s  ♦con 4 0 . 0  
♦sw ♦c on 0 . 3 5  
♦so ♦con 0 . 6 0  
♦♦  ♦sw ♦con 0 . 3 0  
♦♦  ♦ so  ♦con 0 . 6 5 0
♦ temp ♦c on 1 4 0 .
I N I T I A L  CONDITIONS
♦♦  I n i t i a l  p r e s s u r e  25 p s i g  ( 40  p s i a )
♦♦  i n i t i a l  w a t e r  s a t u r a t i o n  i s  0 . 3 0  
♦♦  i n i t i a l  gas s a t u r a t i o n  i s  0 . 0 5
♦♦  i n i t i a l  w a t e r  s a t u r a t i o n  i s  0 . 3 0  
♦♦  i n i t i a l  gas  s a t u r a t i o n  i s  0 . 0 5
♦♦  R e s e r v o i r  Bed T e m p e r a t u r e  65 oC ( 1 4 0  OF)
♦ ♦  Gas i n  t u b e  a t  t h e  i n i t i a l  c o n d i t i o n s  i s  N2 w i t h  s m a l l  c o n c e t r a t i o n  o f  C l - 5  
♦ ♦  a t  e q u i l i b r i u m  w i t h  t h e  l i q u i d  p e t r o l e u m  p h a s e .
' 0 2 '  'CO'  'COKE'
♦ m o l e f r a c  ♦gas  ♦con  
0 . 0
3 ^ 0 .  0
’ H 2 0 '  ' C 1 1 + '  ' C 6 - 1 0 '  ' C l - 5 '  ' C 0 2 ' ' N 2 '
0 . 0 0 3  0 . 0  0 . 9 9 7 0 . 0
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★★ O r i g i n a l  a s s u m p t i o n :  A i r  i n  t u b e  a t  t h e  i n i t i a l  c o n d i t i o n s  
* *  * m o l e f r a c  * g a s  * c o n  5 * 0 . 0  0 . 7 9  0 . 2 1  0 . 0
★★ I n i t i a l  p e t r o l e u m  p h a se  f r a c t i o n  a r e :  C11+ = 0 . 7 3 2 3 6 5  C 6 - 1 0  = 0 . 1 9 2 9 3 2  C l - 5  =
0 . 0 7 4 7 0 3
★★ A f t e r  e q u i l i b i z a t i o n  w i t h  t h e  N2 gas  p h a s e  t h e  N i t r o g e n  f r a c t i o n  i n  t h e  o i l  p h a s e  
i s  0 . 0 4  and
* *  t h e  h y d r o c a r b o n  f r a c t i o n  a r e :  C11+ = 0 . 7 0 3 0 7 0  C 6 - 1 0  = 0 . 1 8 5 2 1 5  C l - 5  = 0 . 0 7 1 7 1 5
* *  ' H 2 0 '  ' C 1 1 + '  ' C 6 - 1 0 ' ' C l - 5 '  ' C 0 2 ' ' N 2 '
' 0 2 '  ' CO'  'COKE'
★ m o l e f r a c  * o i l  * c o n  0 . 0  0 . 7 3 1 6  0 . 1 9 7 4 9 7  0 . 0 6 8 7 2 7  0 . 0  0 . 0 0 2 2
NUMERICAL CONTROL
★ n u m e r i c a l  ★★ A l l  t h e s e  ca n be  d e f a u l t e d .  Th e  d e f i n i t i o n s  
*★ h e r e  m a t ch  t h e  p r e v i o u s  d a t a .
★maxsteps 4 8 0 0  * n o r t h  8 * n e w t o n c y c  8 ★ i t e r m a x  15
★norm p r e s s  15 s a t u r  . 1  t emp 40  y  . 1  x  . 1
★ c o n v er g e  p r e s s  . 1 5  s a t u r  . 0 0 2  temp . 5  y  . 0 0 2  x  . 0 0 2
★run
RECURRENT DATA
t i m e  0 d t w e l l  . 0 0 0 1
w e l l  1 ' IN JE C TO R'  i n j e c t o r  1
o p e r a t e  gas  7 .  *★ I n j e c t i o n  R a t e  7 f t 3 / h r  ( 5  c m 3 / m i n )
★ ★T o t a l  i n j e c t i o n  f l u x
m 3 /m 2h r  s t d
i ncomp gas  5 * 0 . 0  0 . 7 9  0 . 2 1  0 . 0  ★★ A i r  i n j e c t i o n  21% 02  & 79% N2
t i n j o v  1 4 0 .
p e r f  1 ★★ i  j  k w i ( g a s )
1 : 2 0  1 2 5 . 5 4
w e l l  2 'PRODUCER'  p r o d u c e r  2 
o p e r a t e  bhp 4 0 . 0  
m o n i t o r  t emp 1 8 0 0  s t o p
g e o m e t r y  k  - 1  1 1 0 ★* L i n e a r  p r e s s u r e  d r o p  a t  t u b e  end
p e r f  ge o 2 ★★ i  j  k
11 8 : 2 3  1
t i m e  . 0 1  * SHUTI N  1 
t i m e  . 10  
t i m e  . 15
h e a t r  i j k  1 : 2 1  1 1 500 ★* Use e x t e r n a l  h e a t e r s  t o  r a i s e  t h e  t e m p e r a t u r e
h e a t r  i j k  1 : 2 1  1 1 500  *★ Use e x t e r n a l  h e a t e r s  t o  r a i s e  t h e  t e m p e r a t u r e
t i m e  . 2  *OPEN 1 
t i m e  . 22
h e a t r  con 0 ★★ S h u t  o f f  e x t e r n a l  h e a t e r s
t i m e  .5
o u t s r f  g r i d  none  
t i m e  1 .
o u t s r f  g r i d  none  
t i m e  1 . 5
o u t s r f  g r i d  p r e s  sw so sg te mp y  x  w s o l c o n c  o b h l o s s
masdenw masdeno masdeng pcow pcog v i s w  v i s o  v i s g  
k r w  k r o  k r g  k v a l y w  k v a l y x  cmpdenw cmpdeno cmpv isw  
c mp v is o  c m pv i s g  c c h l o s s
t i m e  9
o u t s r f  g r i d  p r e s  sw so  sg temp y  x  w s o l c o n c  o b h l o s s
masdenw masdeno masdeng pcow pcog v i s w  v i s o  v i s g  
k r w  k r o  k r g  k v a l y w  k v a l y x  cmpdenw cmpdeno cmpv isw  
c m pv i so  c m p v i sg  c c h l o s s
s t o p
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APPENDIX-IV. SIMULATION DATA FILES OF UPSCALE STUDIES.
* *  
* *  
* *  
* *  
* *  
*★ 
















* * 7 )
* *
I D  COMBUSTION TUBE TEST N o . R U N - 6 UPSCALED- LIGHT CLAIR O I L  5 PSEUDO COMP.
TUBE PRESURE 100 B a r s  - 8  GRID BLOCKS 5 HYDROCARBON PSEUDOCOMPONENTS 
CRACKING REACTIONS
F o r w a r d  d r y  c o m b u s t i o n  i n  a 1 - d  v e r t i c a l  t u b e  i s  s i m u l a t e d .
A i r  i s  i n j e c t e d  a t  t h e  t o p  o f  t h e  t u b e  a t  a c o n s t a n t  r a t e .  F l u i d s
a r e  p r o d u c e d  a t  t h e  b o t t o m  o f  t h e  t u b e  a t  c o n s t a n t  b a c k - p r e s s u r e .
S p e c i a l  F e a t u r e s :
5 h y d r o c a r b o n  c o mp on ent s :  t h r e e  l i q u i d  C21+ ,  C l l - 2 0 ,  C 6 - 1 0 ,  C 2 - 5  and o n e  s o l i d .
S t o c k t a n k  s t a b i l i z e d  o i l  i s  us e d  an d CH4 c o m p o s i t i o n  i s  n e g l i g i b l e .
Two n o n - c o n d e n s i b l e  g a s e s :  o x yg e n & CO g a s e s .
F i v e  c o m b u s t i o n  r e a c t i o n s :
( a )  c r a c k i n g  o f  h e a v y  o i l  t o  l i g h t  o i l  and  c o k e ,
( b )  C21+  h e a v y  o i l  b u r n i n g ,
(C)  C l l - 2 0  MEDIUM O I L  BURNING,
( d )  C 6 - 1 0  l i g h t  o i l  b u r n i n g ,
( e )  COKE b u r n i n g .
B u r n i n g  p r o d u c e s  w a t e r  an d C0+C02 m i x t u r e  ( C 0 2 / C 0 = 1 . 2 ) .
H i g h  i n i t i a l  p r e s s u r e  ( 1 0 0  b a r ,  1 0 0 0 0  Kpa ,  1 4 5 0 . 3 8  p s i a )  an d 80 oF ( 1 7 6  oF )  T e m p e r a t u r e .  
I n j e c t i o n  en d i s  h e a t e d  e x t e r n a l l y ,  i g n i t i o n  t e m p e r a t u r e  3 5 0  oC ( 6 6 2  o F ) . 
p o r s i t y :  3 6 . 6%  P e r m e a b i l i t y :  10 04  mD
W a t e r  s a t u r a t i o n :  30% O i l  S a t u r a t i o n :  65% and
5% ga s  s a t u r a t i o n  assumed n i t r o g e n  t h e  i n t i a l  c o n d i t i o n s .
* *  = = == = = = = = = = = = =  INPUT/OUTPUT c o n t r o l  «
f i l e n a m e  o u t p u t  i n d e x - o u t  m a i n - r e s u l t s - o u t * *  Use d e f a u l t  f i l e  names
* t i t l e l  ' F I E L D  SCALE RUN CT N o . 6 - 8  GRID BLOCKS- ID L I GHT O I L - 10 0  BARS ' 
* t i t l e 2  ' C LA IR  O I L  PVT CHARACTERIZATION - 5 PSEUDO COMPONENTS'
* i n u n i t  f i e l d  e x c e p t  1 1  * *  h r s  i n s t e a d  o f  da ys  
e x c e p t  11 1 * *  f t 3  i n s t e a d  o f  b b l
♦OUTUNIT LAB
♦ o u t p r n  * g r i d  p r e s  sw so sg te mp y  x  s o l c o n c  o b h l o s s  v i s o  
* o u t p r n  * w e l l  * a l l
* w r s t  300  * w p r n  * g r i d  300  * w p r n  * i t e r  300
o u t s r f  g r i d  p r e s  sw so sg temp y  x  w s o l c o n c  o b h l o s s
masdenw masdeno masdeng pcow pc og  v i s w  v i s o  v i s g  
k r w  k r o  k r g  k v a l y w  k v a l y x  cmpdenw cmpdeno cmpv isw  
c m p v i s o  cm pv i sg  c c h l o s s
i l  b l k v a r  t emp 0 1 * *  T h i s t o r y , b l o c k  1
b l k v a r temp 0 2 * *  ■ b l o c k  2
b l k v a r temp 0 3 * *  ■ b l o c k  3
b l k v a r temp 0 4 * *  B b l o c k  4
b l k v a r temp 0 5 ★ *  * b l o c k  5
b l k v a r temp 0 6 * *  » b l o c k  6
b l k v a r temp 0 7 ★ *  ■ b l o c k  7
b l k v a r temp 0 8 * *  n b l o c k  8
a v g v a r temp 0 ** a v e r a g e  T i n  t u b e
a v g v a r sw 0 * *  a v e r a g e  sw i n  t u b e
a v g v a r s o 0 * *  a v e r a g e  so i n i t u b e
a v g v a r sg 0 ** a v e r a g e  sg i n i t u b e
b l k v a r sw 0 1 * *  Sw h i s t o r y , b l o c k  1
b l k v a r sw 0 2 * *  Sw h i s t o r y , b l o c k  2
b l k v a r sw 0 3 * *  Sw h i s t o r y , b l o c k  3
b l k v a r sw 0 4 * *  Sw h i s t o r y , b l o c k  4
b l k v a r sw 0 5 * *  Sw h i s t o r y , b l o c k  5
b l k v a r sw 0 6 ** Sw h i s t o r y , b l o c k  6
b l k v a r sw 0 7 * *  Sw h i s t o r y , b l o c k  7
b l k v a r sw 0 8 * *  Sw h i s t o r y , b l o c k  8
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*  i t  
i f  *
★ *  
* *  
★ *  
* *  
*  i f
b l k v a r so 0 1 * * SO h i s t o r y , b l o c k  1
b l k v a r so  0 2 if if SO h i s t o r y , b l o c k  2
b l k v a r so  0 3 ** So h i s t o r y , b l o c k  3
b l k v a r so  0 4 *★ So h i s t o r y , b l o c k  4
b l k v a r so 0 5 * * So h i s t o r y , b l o c k  5
b l k v a r so 0 6 1r it So h i s t o r y , b l o c k  6
b l k v a r so 0 7 it* So h i s t o r y , b l o c k  7
b l k v a r so 0 8 ** So h i s t o r y , b l o c k  8
b l k v a r sg 0 1 ** Sg h i s t o r y , b l o c k  1
b l k v a r sg 0 2 * * Sg h i s t o r y , b l o c k  2
b l k v a r sg 0 3 * * Sg h i s t o r y , b l o c k  3
b l k v a r sg 0 4 ★ * Sg h i s t o r y , b l o c k  4
b l k v a r sg 0 5 it* Sg h i s t o r y , b l o c k  5
b l k v a r sg 0 6 ** Sg h i s t o r y , b l o c k  6
b l k v a r sg 0 7 ** Sg h i s t o r y , b l o c k  7
b l k v a r sg 0 8 ** Sg h i s t o r y , b l o c k  8
b l k v a r y i l * *  y ( H 2 0 ) , If
b l k v a r y i 2 * *  y ( H 2 0 ) , If
b l k v a r y i 3 * *  y ( H 2 0 ) , If
b l k v a r y l 4 * *  y ( H 2 0 ) , If
b l k v a r y i 5 * *  y ( H 2 0 ) , »
b l k v a r y l 6 * *  y ( H 2 0 ) , If
b l k v a r y l 7 * *  y ( H 2 0 ) , II
b l k v a r y i 8 * *  y ( H 2 0 ) , If
b l k v a r y 8 1 * *  y ( o x y g e n ) , If
b l k v a r y 8 2 * *  y ( o x y g e n ) , n
b l k v a r y 8 3 * *  y ( o x y g e n ) , if
b l k v a r y 8 4 * *  y ( o x y g e n ) , if
b l k v a r y 8 5 * *  y ( o x y g e n ) , it
b l k v a r y 8 6 * *  y ( o x y g e n ) , r
b l k v a r y 8 7 * *  y ( o x y g e n ) , VI
b l k v a r y 8 8 * *  y ( o x y g e n ) , H
b l k v a r  y  6; ] * *  y ( C 0 2 ) , VI
b l k v a r  y  9 1 
b l k v a r  k r o  0 16 
m a x v a r  s o l c o n c  9
m a t b a l  r e a c t i o n  1
m a t b a l  r e a c t i o n  2
m a t b a l  r e a c t i o n  e n e r g y
c c h l o s s
t f r o n t  400
t f r o n t  12 00
t f r o n t  12 0 0  b a c k w a r d
* *  y ( C O ) ,
* *  o i l  r e l  pe rm,  "
* *  max c o k e  co ne  i n  t u b e  
* *  n e t  r e a c t i o n  w a t e r  
* *  n e t  r e a c t i o n  o i l  
* *  n e t  r e a c t i o n  ox yge n  
* *  n e t  cum h e a t  f r o m  h e a t e r s  
* *  40 0  deg f r o n t  p o s i t i o n  
* *  12 0 0  deg f r o n t  p o s i t i o n  
* *  1 2 0 0  deg b a c k w a r d  f r o n t  p o s i t i o n
*  PARTCLMLWT 1 3 . 6 * *  COKE ( C H I . 6 )  MOLECULAR WEIGHT I S  1 3 . 6
* *  = = = = = = = = = = = = = =  GR!D AND RESERVOIR D E F I N I T I O N
* *  * g r i d  * c a r t  1 1 64 * *  64 b l o c k s  i n  t h e  K d i r e c t i o n  ( n o r m a l  v e r t i c a l )
* g r i d  * c a r t  1 1 8  * * 8  b l o c k s  i n  t h e  K d i r e c t i o n  ( n o r m a l  v e r t i c a l )
* *  Tube  I . D .  = 10 cm. C r o s s - s e c t i o n a l  a r e a  i s  p i * ( d / 2 ) * * 2  
* *  = 7 8 . 5 4  cm2 = L * L . so e q u i v a l e n t  b l o c k  s i d e  i s  
* *  L = 8 . 8 6 2 2 7  cm ( 0 . 2 8 7 0 8  f t ) .
* *  T o t a l  t u b e  l e n g t h  i s  12 5  cm;
* *  b l o c k  = 1 2 5 / 1 0 0  = 1 . 2 5  cm ( 0 . 0 6 3 3 1  f t  f o r  64 g r i d  b l o c k s  o r  0 . 0 3 1 6 6  f t  f o r  1 2 8 )
* *  ( 0 . 1 2 6 6 3  f t  f o r  32  g r i d  b l o c k s  o r  0 . 2 5 3 2 5  f t  f o r  16 )
* d i  * c o n  2 8 . 7 0 8  * d j
* *  * d i  * c o n  0 . 2 8 7 0 8  
* d t o p  *ALL  
* *  1 6 4 5 . 4 5  
* *  1 6 9 6 . 1 0  
* *  1 7 4 5 . 7 5  
* *  1 7 9 7 . 4  
* *  1 8 4 8 . 0 5  
* *  1 8 9 8 . 7 0  
* *  1 9 4 9 . 3 5  
2000
* p o r  * c o n  0 . 3 6 6 0
* c o n  2 8 . 7 0 8  * d k  * c o n  5 0 . 6 5  
* d j  * c o n  0 . 2 8 7 0 8  * d k  * c o n  0 . 5 0 6 5
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♦♦  PERMEABILTY 10 0 4  mD ACCORDING TO TOBY'S LETTER 5 / 1 1 / 1 9 9 6
♦♦  PERMEABILTY 80 0  mD FOR HISTORY MATCH
♦ p e r m i  * c o n  370 ♦ p e r m j  ♦ e q u a l s i  * p e r m k  ♦ e q u a l s i
♦♦  * p e r m i  * c o n  3 7 0  ♦ p e r m j  * e q u a l s i  * p e r m k  * e q u a l s i
*★ * p e r m i  * c o n  1 6 0 0  * p e r m j  ♦ e q u a l s i  ♦permk * e q u a l s i
* r o c k c p  3 5 . 0 2  * t h c o n r  1 * t h c o n w  0 . 3 6  * t h c o n o  0 . 0 7 7  * t h c o n g  0 . 0 8 3 3  
* c p c  4 . 0 6
♦♦  = = = = = = = = = = = = = =  F LU ID  D E F I N I T I O N S  = = == = == == = == = == = == == = =
♦ mo d el  10  9 7 * *  Number  o f  n o n c o n d e n s i b l e  ga se s  i s  numy-numx = 2
♦♦  Number  o f  s o l i d  c omponent s  i s  ncomp-numy = 1 
♦♦  N2 & C02 s o l u b l e  i n  t h e  l i q u i d  p e t r o l e u m  phase  
♦♦  02  & CO o n l y  i n  t h e  gas p h as e  i n s o l u b l e  i n  t h e  l i q u i d  p e t r o l e u m  p h a s e
♦compname 'WATER'  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C l - 5 '  ' C 0 2 '  ' N 2 '  ' 0 2 '  ' CO'  'COKE'
★
cmm 18 4 4 7 . 5 3  2 1 8 . 3 8  1 1 0 . 2 9  7 2 . 1 5  4 4 . 0 1  2 8 . 0 1  32 2 8 . 0 1
p c r i t 3155 1 4 2 . 8 3  2 6 6 . 4 0  3 8 2 . 3 2  4 8 8 . 1  1 0 7 1 . 0  500 73 0  5 0 7 . 5
t c r i t 7 0 5 . 7 8 3 3 . 1 1  8 2 5 . 3 4  5 4 8 . 2  3 8 5 . 4 7  8 7 . 5 6  - 2 3 2 . 8 4  - 1 8 1 . 7 2  - 2 2 0 . 7 8
a v g 0 3 . 9 2 6 e - 6  3 . 9 2 6 e - 6  3 . 9 2 6 e - 6  2 . 1 6 6 e - 6  2 . 1 2 6 7 e - 4  2 . 1 9 6 0 e - 4  2 . 1 9 6 0 e - 4  2 . 1 9 6 0 e
bv g 0 1 . 1 0 2  1 . 1 0 2  1 . 1 0 2  0 . 9 4 3  0 . 7 2 1  0 . 7 2 1  0 . 7 0 2  0 . 7 0 2
a v i s c 0 4 . 0 2 e - 4  4 . 0 2 e - 4  4 . 0 2 e - 4  4 . 0 2 e - 4  4 . 0 2 e - 4  4 . 0 2 e - 4
b v i s c 0 6 1 2 1 . 6  6 1 2 1 . 6  6 1 2 1 . 6  6 1 2 1 . 6  6 1 2 1 . 6  6 1 2 1 . 6
m ol d en 0 0 . 2 0 2 4  0 . 2 0 0 0  0 . 1 3 0 9  0 . 0 4 8 1  0 . 6 6 2 3  0 . 6 9 4 4  ♦♦  LBMOLE/FT3
cp 0 3 . 9 e - 6  4 e - 6  4 . 5 e - 6  5 e - 6  7 e - 6  7 . 5 e - 6
c t l 0 1 . 4 e - 4  1 . 4 9 6 e - 4  2 . 8 3 9 e - 4  2 . 8 3 9 e - 4  2 . 8 3 9 e - 4  2 . 8 3 9 e - 4
♦ CHEMICAL REACTION 1 - C r a c k i n g :  C21+ - >  C 1- C5  + Coke
compname ' WATER' 
*
' C21+ ' C l l - 2 0 ' C 6 - 1 0 ' ' C l - 5 ' C 0 2 ' S3 to ' 0 2 '
ou
'COKE'
s t o r e a c  0 1 0 0 0 0 0 0 0 0
s t o p r o d  0 0 0 0 3 . 5 1 1 1 8 0 0 0 0 1 4 . 2 7 9 3
*  * f r e q f a c  2 . 1 e 5 * e a c t 1 0 0 0 0  * r e n t h 0
♦ * f r e q f a c  2 . I e 5 ♦ e a c t 2 5 0 00  ♦ r e n t h 0
f r e q f a c  2 . 1 e 5  * e a c t  2 8 0 0 0  * r e n t h  0
*
♦♦  CHEMICAL REACTION 2 - 
♦compname 'WATER'  ' C 21 +  
★ ★
C r a c k i n g :  C21+  - >  
' C l l - 2 0 '  ' C 6 - 1 0
C1 1- C 20
' C l - 5
+ Coke  
' C 0 2 ' ' N 2 ' ' 0 2 ' ' CO' 'COKE'
♦ s t o r e a c  0 1 0 0 0 0 0 0 0 0
♦ s t o p r o d  0 0 1 . 9 2 5 7 2  0 0 0 0 0 0 2 . 2 6 7 8 9
♦♦  ♦ f r e q f a c  2 . 0 e 5 ♦ e a c t 80 00  ♦ r e n t h  0
♦♦  ♦ f r e q f a c  2 . 0 e 5 ♦ e a c t 2 7 0 0 0  ♦ r e n t h  0
f r e q f a c  2 . 0 e 5  * e a c t  2 9 0 0 0  * r e n t h  0
*
♦♦  CHEMICAL REACTION 3 - C r a c k i n g :  C21+ - > C 6 - C1 0  + Coke
♦compname 'WATER'  
*  ★
' C21+ ' C l l - 2 0 '  ' C 6 - 1 0 ' C l - 5 '  ' C 0 2 ' ' N 2 ' ' 0 2 ' n o 'COKE'
♦ s t o r e a c  0 1 0 0 0 0 0 0 0 0
♦ s t o p r o d  0 0 0 3 . 1 2 5 7 7 0 0 0 0 0 7 . 5 5 9 6 3
♦♦  ♦ f r e q f a c  2 . 0 e 5 ♦ e a c t 70 0 0  ♦ r e n t h  0
♦♦  ♦ f r e q f a c  2 . 0 e 5 ♦ e a c t 2 7 0 00  ♦ r e n t h  0
f r e q f a c  2 . 0 e 5  ♦ e a c t  3 1 0 0 0  ♦ r e n t h  0
★
♦♦  CHEMICAL REACTION 4 - C r a c k i n g :  C 1 1 - C 2 0  - > C 6- C1 0  + Coke
♦compname 'WATER'  
* *
' C21+ ' C l l - 2 0 '  ' C 6 - 1 0 ' ' C l - 5 '  ' C 0 2 ' ' N 2 ' ' 0 2 '  ' CO'  'COKE
♦♦  ♦ s t o r e a c  0 0 1 0 0 0 0 0 0 0
♦♦  ♦ s t o p r o d  0 0 0 1 . 6 2 3 0 7 0 0 0 0 0 2 . 7 4 7 9 3
♦♦  ♦ f r e q f a c  2 . 0 e 5 ♦ e a c t 2 7 0 00  ♦ r e n t h  0
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♦ ♦  CHEMICAL REACTION 4 - C r a c k i n g :  C 1 1 - C 2 0  - >
♦compname
* *  ________
♦ s t o r e a c  0 
♦ s t o p r o d  0 
♦ ♦  ♦ f r e q f a c  2 . 0 e 5
'WATER'  ' C 2 1 + ' ' C l l - 2 0 '  ' C 6 - 1 0 '
C2 - C5  + Coke  
C l - 5 '  ' C 0 2 ' ’ N 2 ' ' 0 2 '  'CO'
♦ f r e q f a c  2 . 0 e 5  
★ ★   -  -  .
0 1
0 0
♦ e a c t  5000  ♦ r e n t h  
♦ e a c t  2 7 0 0 0  ♦ r e n t h  0
1 . 8 2 3 3 1
COKE'
0
6 . 2 3 7 3 7
♦ ♦  CHEMICAL REACTION 5 -  Heavy  O i l  B u r n i n g :  C21+ + 02  - >  H20 + CO/CO + e n e r g y
♦compname 'WATER'  
* *
’ C 2 1 + ' ’C l l - 2 0 ' ’ C 6 - 1 0 ' ' C 1 - 5 " C 0 2 '
♦ s t o r e a c  0 
♦ s t o p r o d  3 3 . 2 6 2 4  
♦ ♦  ♦ f r e q f a c  l . O e l O  
♦ f r e q f a c  3 . 0 2 0 e l 0  
★ ★    --
♦ ♦  CHEMICAL REACTION 6
1 0  0 
0 0 0 
♦ e a c t  95 00  ♦ r e n t h  1 0 293  
♦ e a c t  13 50 0  ♦ r e n t h  1 0 2 93
’ N 2 ' 0 2 ' CO' 'COKE'
3 2 . 5 0 6 4
3 1 . 7 5 0 4
Medium O i l  B u r n i n g :  C 1 1 - C 2 0  + 02  - >  H20 + CO
♦compname
*★
'WATER' ’C 2 1 + ' ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C l - 5 ' ' C 0 2 ' ' N 2 ' ’ 0 2 '
+ e n e r g y  
' CO'  'COKE'
♦ s t o r e a c  0 
♦ s t o p r o d  1 6 . 3 3 0 6  
♦ ♦  ♦ f r e q f a c  2 . 0 e l 0  
♦ f r e q f a c  3 . 0 2 0 e l 0  
*  *  -----------------------------------------
♦ ♦  CHEMICAL REACTION 7
0 1 0
0 0 0
♦ e a c t  8500  ♦ r e n t h  4 9 2 0 . 3  
♦ e a c t  1 5 5 00  ♦ r e n t h  4 9 2 0 . 3
1 5 . 8 2 0 2  0
0 1 5 . 3 0 9 9
♦compname
* *
'WATER' ’ C 2 1 + '
L i g h t  O i l  B u r n i n g :  C 6 - C 1 0  + 02  - >  H20 + CO + e n e r g y
' C l l - 2 0 '  ' C 6 - 1 0 ' ' C 1 - 5 " C 0 2 '  ' N 2 '  ' 0 2 '  ' CO'  'COKE'
♦ s t o r e a c  0 
♦ s t o p r o d  8 . 7 0 7 1 1  
♦ ♦  ♦ f r e q f a c  8 . 0e9  
♦ f r e q f a c  3 . 0 2 0 e l 0  
*  + ---------------------------
♦ ♦  CHEMICAL REACTION 8
0 0 1
0 0 0
♦ e a c t  80 00  ♦ r e n t h  2 4 2 0 . 2  
♦ e a c t  1 5 5 00  ♦ r e n t h  2 4 2 0 . 2
8 . 2 2 3 3 8  0
0 7 . 7 3 9 6 5
H y d r o c a r b o n  Gas B u r n i n g :  C1-C5  + 0 2  - >  H20 + CO + e n e r g y
♦compname 'WATER'
* * _____
♦ s t o r e a c  0 
♦ s t o p r o d  6 . 2 1 9 8 3  
♦♦  ♦ f r e q f a c  7 . 0e9  
♦ f r e q f a c  3 . 0 2 0 e l 0  
+ +  -
’ C 2 1 + ' ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C l - 5 ' ' C 0 2 ' ' N 2 ' ’ 0 2 ' CO' 'COKE'
0 0 0
0 0 0
♦ e a c t  70 0 0  ♦ r e n t h  1 4 6 3 . 4  
♦ e a c t  1 5 0 00  ♦ r e n t h  1 4 6 3 . 4
5 . 5 9 7 8 4  0
0 4 . 9 7 5 8 6
♦ ♦  CHEMICAL REACTION 9 -  Coke B u r n i n g :
'WATER'♦compname  
★ *
♦ s t o r e a c  0 
♦ s t o p r o d  0 . 8  
♦ f r e q f a c  3 . 0 e 5
' C2 1+ '
0 .
0
♦ e a c t  55 00
' C l l - 2 0 '
0
0
♦ r e n t h
Coke + 
' C 6 - 1 0 '
0 2  - >  H20 + C02 + 
' C 1 - 5 " C 0 2 '  ' N 2 '
e n e r g y  
' 0 2 '  ' CO' ’ COKE'
0
0
4 6 1 . 3
1 . 4
0
♦♦  CHEMICAL REACTION ♦♦  ■ 
♦compname 'WATER'  ' C 2 1 + '
♦♦  ♦ s t o r e a c  0 
♦♦  ♦ s t o p r o d  2 
♦♦  ♦ f r e q f a c  
♦♦  ♦ e a c t  
♦♦  ♦ r e n t h
0
0
3 . 0 2 0 e l 0
5 9 4 5 0
5 0 2 . 5 3 3
Gas b u r n i n g :  CH4 +
' C l l - 2 0 '  ' C 6 - 1 0 '
20 2  - >  2H20 + C02 + e n e r g y
C 1 - 5 " C 0 2 '  ' N 2 ' ’ 0 2 ' CO' 'COKE'
♦ ♦  R e a c t i o n  E n t h a l p y  B T U / l b m o l e
♦ ♦  CHEMICAL REACTION 10 -  C ar bo n  M o n o x i d e  b u r n i n g :  CO + 0 . 5  02
♦compname 'WATER'  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 1 - 5 " C 0 2 '  ' N 2 '
★ i t
♦ s t o r e a c  0 0
♦ s t o p r o d  0 0
♦ f r e q f a c  1 . 5 e 5
♦♦  ♦ f r e q f a c  8 . 0 6 4 E 8
♦ e a c t  3 2 5 0
♦ r e n t h  2 . 8 3 8 E 5
★ *
■> C02 + e n e r g y  
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** P seu do compo nen t  K v a l u e  t a b l e s  f o r  p r e s s u r e s  500 p s i  & 6 5 0 0  p s i  100  F t o  13 0 0  F b e  10 0  deg  
i n t e r v a l s
♦ k v t a b l i m  500 3 2 5 0  10 0  13 0 0
♦ k v t a b l e  2 * *  K v a l u e  t a b l e  f o r  C21+
3 . 0 0 0 E - 0 7 2 . 0 0 0 E - 0 7 1 . 5 0 0 E - 0 7 1 . 2 0 0 E - 0 7 1 . 0 0 0 E - 0 7 8 . 5 7 2 E - 0 8 7 . 5 0 1 E - 0 8 6 . 6 6 7 E - 0 8 6 . 0 0 1 E - 0 8
5 . 4 5 5 E - 0 8 5 . 0 0 0 E - 0 8 4 . 6 1 6 E - 0 8
1 . 1 8 8 E - 0 5 7 . 9 2 3 E - 0 6 5 . 9 4 2 E - 0 6 4 . 7 5 4 E - 0 6 3 . 9 6 1 E - 0 6 3 . 3 9 6 E - 0 6 2 . 9 7 1 E - 0 6 2 . 6 4 1 E - 0 6 2 . 3 7 7 E - 0 6
2 . 1 6 1 E - 0 6 1 . 9 8 1 E - 0 6 1 . 8 2 8 E - 0 6
1 . 7 8 8 E - 0 4 1 . 1 9 2 E - 0 4 8 . 9 3 9 E - 05 7 . 1 5 1 E - 0 5 5 . 9 5 9 E - 0 5 5 . 1 0 8 E - 0 5 4 . 4 7 0 E - 0 5 3 . 9 7 3 E - 0 5 3 . 5 7 6 E - 0 5
3 . 2 5 1 E - 0 5 2 . 9 8 0 E - 0 5 2 . 7 5 0 E - 0 5
1 . 4 3 2 E - 0 3 9 . 5 4 5 E - 0 4 7 . 1 5 9 E - 0 4 5 . 7 2 7 E - 0 4 4 . 7 7 2 E - 0 4 4 . 0 9 1 E - 0 4 3 . 5 7 9 E - 0 4 3 . 1 8 2 E - 0 4 2 . 8 6 3 E - 0 4
2 . 6 0 3 E - 0 4 2 . 3 8 6 E - 0 4 2 . 2 0 3 E - 0 4
7 . 4 3 3 E - 0 3 4 . 9 5 5 E - 0 3 3 . 7 1 6 E - 0 3 2 . 9 7 3 E - 0 3 2 . 4 7 8 E - 0 3 2 . 1 2 4 E - 0 3 1 . 8 5 8 E - 0 3 1 . 6 5 2 E - 0 3 1 . 4 8 7 E - 0 3
1 . 3 5 1 E - 0 3 1 . 2 3 9 E - 0 3 1 . 1 4 4 E - 0 3
2 . 8 2 8 E - 02 1 . 8 8 5 E - 0 2 1 . 4 1 4 E - 0 2 1 . 1 3 1 E - 0 2 9 . 4 2 7 E - 0 3 8 . 0 8 0 E - 0 3 7 . 0 7 0 E - 0 3 6 . 2 8 5 E - 0 3 5 . 6 5 6 E - 0 3
5 . 1 4 2 E - 0 3 4 . 7 1 4 E - 0 3 4 . 3 5 1 E - 0 3
8 . 5 4 6 E - 0 2 5 . 6 9 8 E - 0 2 4 . 2 7 3 E - 0 2 3 . 4 1 9 E - 0 2 2 . 8 4 9 E - 0 2 2 . 4 4 2 E - 0 2 2 . 1 3 7 E - 0 2 1 . 8 9 9 E - 0 2 1 . 7 0 9 E - 0 2
1 . 5 5 4 E - 0 2 1 . 4 2 4 E - 0 2 1 . 3 1 5 E - 0 2
2 . 1 6 7 E - 0 1 1 . 4 4 5 E - 0 1 1 . 0 8 3 E - 0 1 8 . 6 6 7 E - 02 7 . 2 2 3 E - 0 2 6 . 1 9 1 E - 0 2 5 . 4 1 7 E - 0 2 4 . 8 1 5 E - 0 2 4 . 3 3 4 E - 0 2
3 . 9 4 0 E - 0 2 3 . 6 1 1 E - 0 2 3 . 3 3 4 E - 0 2
4 . 7 9 1 E - 0 1 3 . 1 9 4 E - 0 1 2 . 3 9 6 E - 0 1 1 . 9 1 7 E - 0 1 1 . 5 9 7 E - 0 1 1 . 3 6 9 E - 0 1 1 . 1 9 8 E - 0 1 1 . 0 6 5 E - 0 1 9 . 5 8 3 E - 0 2
8 . 7 1 2 E - 0 2 7 . 9 8 6 E - 0 2 7 . 3 7 1 E - 0 2
9 . 5 0 3 E - 0 1 6 . 3 3 6 E - 0 1 4 . 7 5 2 E - 0 1 3 . 8 0 1 E - 0 1 3 . 1 6 8 E - 0 1 2 . 7 1 5 E - 0 1 2 . 3 7 6 E - 0 1 2 . 1 1 2 E - 0 1 1 . 9 0 1 E - 0 1
1 . 7 2 8 E - 0 1 1 . 5 8 4 E - 0 1 1 . 4 6 2 E - 0 1
1 . 7 2 6  1 . 1 5 1  8 . 6 3 2 E - 01 6 . 9 0 6 E - 0 1  5 . 7 5 5 E - 0 1  4 . 9 3 3 E - 01 4 . 3 1 6 E - 0 1  3 . 8 3 7 E - 0 1  3 . 4 5 3 E - 0 1  3 . 1 3 9 E
01 2 . 8 7 7 E - 0 1  2 . 6 5 6 E - 0 1
2 . 9 1 8 8 6  1 . 9 4 5 9 1  1 . 4 5 9  1 . 1 6 8  9 . 7 3 0 E - 0 1  8 . 3 4 0 E - 0 1  7 . 2 9 7 E - 0 1  6 . 4 8 6 E - 0 1  5 . 8 3 8 E - 0 1  5 . 3 0 7 E - 0 1
4 . 8 6 5 E - 01  4 . 4 9 1 E - 0 1
4 . 6 4 8 8 7  3 . 0 9 9 2 5  2 . 3 2 4 4 3  1 . 8 6 0  1 . 5 5 0  1 . 3 2 8  1 . 1 6 2  1 . 0 3 3  9 . 2 9 8 E - 0 1  8 . 4 5 2 E - 0 1  7 . 7 4 8 E - 0 1
7 . 1 5 2 E - 0 1
* k v t a b l e  3 * *  K v a l u e  t a b l e  f o r  C 1 1 - C 2 0
9 . 4 6 4 E - 0 9  6 . 3 0 9 E - 0 9  4 . 7 3 2 E - 0 9  3 . 7 8 6 E - 0 9  3 . 1 5 5 E - 0 9  2 . 7 0 4 E - 0 9  2 . 3 6 6 E - 0 9  2 . 1 0 3 E - 0 9  1 . 8 9 3 E - 0 9
1 . 7 2 1 E - 0 9  1 . 5 7 7 E - 0 9  1 . 4 5 6 E - 0 9
1 . 1 4 0 E - 0 6  7 . 6 0 2 E - 0 7  5 . 7 0 1 E - 0 7  4 . 5 6 1 E - 0 7  3 . 8 0 1 E - 0 7  3 . 2 5 8 E - 0 7  2 . 8 5 1 E - 0 7  2 . 5 3 4 E - 0 7  2 . 2 8 1 E - 0 7
2 . 0 7 3 E - 0 7  1 . 9 0 0 E - 0 7  1 . 7 5 4 E - 0 7
3 . 8 9 4 E - 0 5  2 . 5 9 6 E - 0 5  1 . 9 4 7 E - 0 5  1 . 5 5 7 E - 0 5  1 . 2 9 8 E - 0 5  1 . 1 1 2 E - 0 5  9 . 7 3 4 E - 0 6  8 . 6 5 2 E - 0 6  7 . 7 8 7 E - 0 6  7 . 0 7 9 E - 0 6  
6 . 4 8 9 E - 0 6  5 . 9 9 0 E - 0 6
5 . 8 4 9 E - 0 4  3 . 8 9 9 E - 0 4  2 . 9 2 5 E - 0 4  2 . 3 4 0 E - 0 4  1 . 9 5 0 E - 0 4  1 . 6 7 1 E - 0 4  1 . 4 6 2 E - 0 4  1 . 3 0 0 E - 0 4  1 . 1 7 0 E - 0 4  1 . 0 6 3 E - 0 4  
9 . 7 4 9 E - 0 5  8 . 9 9 9 E - 0 5
4 . 9 9 7 E - 0 3  3 . 3 3 1 E - 0 3  2 . 4 9 8 E - 0 3  1 . 9 9 9 E - 0 3  1 . 6 6 6 E - 0 3  1 . 4 2 8 E - 0 3  1 . 2 4 9 E - 0 3  1 . 1 1 0 E - 0 3  9 . 9 9 3 E - 0 4  9 . 0 8 5 E - 0 4  
8 . 3 2 8 E - 0 4  7 . 6 8 7 E - 0 4
2 . 8 4 8 E - 0 2  1 . 8 9 8 E - 0 2  1 . 4 2 4 E - 0 2  1 . 1 3 9 E - 0 2  9 . 4 9 2 E - 0 3  8 . 1 3 6 E - 0 3  7 . 1 1 9 E - 0 3  6 . 3 2 8 E - 0 3  5 . 6 9 5 E - 0 3  5 . 1 7 8 E - 0 3  
4 . 7 4 6 E - 0 3  4 . 3 8 1 E - 0 3
1 . 2 0 2 E - 0 1  8 . 0 1 5 E - 0 2  6 . 0 1 1 E - 0 2  4 . 8 0 9 E - 0 2  4 . 0 0 8 E - 0 2  3 . 4 3 5 E - 0 2  3 . 0 0 6 E - 0 2  2 . 6 7 2 E - 0 2  2 . 4 0 5 E - 0 2  2 . 1 8 6 E - 0 2  
2 . 0 0 4 E - 0 2  1 . 8 5 0 E - 0 2
4 . 0 3 8 E - 0 1  2 . 6 9 2 E - 0 1  2 . 0 1 9 E - 0 1  1 . 6 1 5 E - 0 1  1 . 3 4 6 E - 0 1  1 . 1 5 4 E - 0 1  1 . 0 1 0 E - 0 1  8 . 9 7 4 E - 0 2  8 . 0 7 7 E - 0 2  7 . 3 4 3 E - 0 2  
6 . 7 3 1 E - 0 2  6 . 2 1 3 E - 0 2
1 . 1 3 5 1 4  7 . 5 6 8 E - 0 1  5 . 6 7 6 E - 0 1  4 . 5 4 1 E - 0 1  3 . 7 8 4 E - 0 1  3 . 2 4 3 E - 0 1  2 . 8 3 8 E - 0 1  2 . 5 2 3 E - 0 1  2 . 2 7 0 E - 0 1  2 . 0 6 4 E - 0 1  
1 . 8 9 2 E - 0 1  1 . 7 4 6 E - 0 1
2 . 7 6 9 4 8  1 . 8 4 6 3 2  1 . 3 8 4 7 4  1 . 1 0 7 7 9  9 . 2 3 2 E - 0 1  7 . 9 1 3 E - 0 1  6 . 9 2 4 E - 0 1  6 . 1 5 4 E - 0 1  5 . 5 3 9 E - 0 1  5 . 0 3 5 E - 0 1  4 . 61 6 E-  
01 4 . 2 6 1 E - 0 1
6 . 0 2 6 8 0  4 . 0 1 7 8 6  3 . 0 1 3 4 0  2 . 4 1 0 7 2  2 . 0 0 8 9 3  1 . 7 2 1 9 4  1 . 5 0 6 7 0  1 . 3 3 9 2 9  1 . 2 0 5 3 6  1 . 0 9 5 7 8  1 . 0 0 4 4 7  9 . 2 7 2 E - 0 1
1 . 1 9 4 E+ 01  7 . 9 6 1 5 6  5 . 9 7 1 1 7  4 . 7 7 6 9 4  3 . 9 8 0 7 8  3 . 4 1 2 1 0  2 . 9 8 5 5 9  2 . 6 5 3 8 5  2 . 3 8 8 4 7  2 . 1 7 1 3 4  1 . 9 9 0 3 9  1 . 8 3 7 2 8  
2 . 1 8 9 E+ 01  1 . 4 6 0 E + 0 1  1 . 0 9 5 E + 0 1  8 . 7 5 7 9 5  7 . 2 9 8 2 9  6 . 2 5 5 6 8  5 . 4 7 3 7 2  4 . 8 6 5 5 3  4 . 3 7 8 9 7  3 . 9 8 0 8 9  
3 . 6 4 9 1 5  3 . 3 6 8 4 4
* k v t a b l e  4 * *  K v a l u e  t a b l e  f o r  C 6 - 1 0
5 . 8 5 0 4 E - 0 6  3 . 9 0 0 2 E - 0 6  2 . 9 2 5 2 E - 0 6  2 . 3 4 E - 0 6  1 . 9 5 E - 0 6  1 . 6 7 1 5 E - 0 6  1 . 4 6 2 6 E - 0 6  1 . 3 E - 0 6  1 . 1 7 0 1 E - 0 6
1 .  0 6 3 7 E - 06 9 . 7 5 0 6 E - 0 7  9 . 0 E - 0 7
0 . 0 0 0 3 2 4  0 . 0 0 0 2 1 6  0 . 0 0 0 1 6 2  0 . 0 0 0 1 3 0  0 . 0 0 0 1 0 8  0 . 0 0 0 0 9 3  0 . 0 0 0 0 8 1  0 . 0 0 0 0 7 2  0 . 0 0 0 0 6 5  0 . 0 0 0 0 5 9
0 . 0 0 0 0 5 4  0 . 0 0 0 0 5 0
0 . 0 0 6 2 4 9  0 . 0 0 4 1 6 6  0 . 0 0 3 1 2 4  0 . 0 0 2 5 0 0  0 . 0 0 2 0 8 3  0 . 0 0 1 7 8 5  0 . 0 0 1 5 6 2  0 . 0 0 1 3 8 9  0 . 0 0 1 2 5 0  0 . 0 0 1 1 3 6
0 . 0 0 1 0 4 1  0 . 0 0 0 9 6 1
0 . 0 6 0 5 1 7  0 . 0 4 0 3 4 4  0 . 0 3 0 2 5 8  0 . 0 2 4 2 0 7  0 . 0 2 0 1 7 2  0 . 0 1 7 2 9 0  0 . 0 1 5 1 2 9  0 . 0 1 3 4 4 8  0 . 0 1 2 1 0 3  0 . 0 1 1 0 0 3
0 . 0 1 0 0 8 6  0 . 0 0 9 3 1 0
0 . 3 6 5 1 8 1  0 . 2 4 3 4 5 4  0 . 1 8 2 5 9 0  0 . 1 4 6 0 7 2  0 . 1 2 1 7 2 7  0 . 1 0 4 3 3 7  0 . 0 9 1 2 9 5  0 . 0 8 1 1 5 1  0 . 0 7 3 0 3 6  0 . 0 6 6 3 9 7  
0 . 0 6 0 8 6 3  0 . 0 5 6 1 8 2
1 . 5 6 9 8 3 1  1 . 0 4 6 5 5 4  0 . 7 8 4 9 1 6  0 . 6 2 7 9 3 2  0 . 5 2 3 2 7 7  0 . 4 4 8 5 2 3  0 . 3 9 2 4 5 8  0 . 3 4 8 8 5 1  0 . 3 1 3 9 6 6  0 . 2 8 5 4 2 4
0 . 2 6 1 6 3 9  0 . 2 4 1 5 1 2
"Numerical Simulation of In-Situ Combustion Processes in High Pressure Light and Medium Petroleum Reservoirs."
Appendix-IV Simulation Data Files of Upscale Studies, John Tingas 9/3/2000
357
5 . 2 4 8 1  3 . 4 9 8 7  2 . 6 2 4 0  2 . 0 9 9 2  1 . 7 4 9 4  1 . 4 9 9 5  1 . 3 1 2 0  1 . 1 6 6 2  1 . 0 4 9 6  0 . 9 5 4 2  0 . 8 7 4 7  0 . 8 0 7 4
1 4 . 4 8 6 0  9 . 6 5 7 4  7 . 2 4 3 0  5 . 7 9 4 4  4 . 8 2 8 7  4 . 1 3 8 9  3 . 6 2 1 5  3 . 2 1 9 1  2 . 8 9 7 2  2 . 6 3 3 8  2 . 4 1 4 3  2 . 2 2 8 6  
3 4 . 4 3 9 3  2 2 . 9 5 9 5  1 7 . 2 1 9 6  1 3 . 7 7 5 7  1 1 . 4 7 9 8  9 . 8 3 9 8  8 . 6 0 9 8  7 . 6 5 3 2  6 . 8 8 7 9  6 . 2 6 1 7  5 . 7 3 9 9  5 . 2 9 8 3
7 2 . 7 1 7 1  4 8 . 4 7 8 1  3 6 . 3 5 8 5  2 9 . 0 8 6 8  2 4 . 2 3 9 0  2 0 . 7 7 6 3  1 8 . 1 7 9 3  1 6 . 1 5 9 4  1 4 . 5 4 3 4  1 3 . 2 2 1 3  1 2 . 1 1 9 5  1 1 . 1 8 7 2
1 3 9 . 5 1 0 3  9 3 . 0 0 6 8  6 9 . 7 5 5 1  5 5 . 8 0 4 1  4 6 . 5 0 3 4  3 9 . 8 6 0 1  3 4 . 8 7 7 6  3 1 . 0 0 2 3  2 7 . 9 0 2 1  2 5 . 3 6 5 5  2 3 . 2 5 1 7  2 1 . 4 6 3 1  
2 4 7 . 4 4 7 5  1 6 4 . 9 6 5 0  1 2 3 . 7 2 3 8  9 8 . 9 7 9 0  8 2 . 4 8 2 5  7 0 . 6 9 9 3  6 1 . 8 6 1 9  5 4 . 9 8 8 3  4 9 . 4 8 9 5  4 4 . 9 9 0 5  4 1 . 2 4 1 3  3 8 . 0 6 8 8  
4 1 1 . 2 2 4  2 7 4 . 1 4 9 4  2 0 5 . 6 1 2  1 6 4 . 4 8 9 6  1 3 7 . 0 7 4 7  1 1 7 . 4 9 2 6  1 0 2 . 8 0 6  9 1 . 3 8 3  8 2 . 2 4 4 8  7 4 . 7 6 8  6 8 . 5 3 7 3  6 3 . 2 6 5 2  
♦ k v t a b l e  5 * *  K v a l u e  t a b l e  f o r  C l - 5
6 . 3 1 2 2 E - 0 6  4 . 2 0 8 1 E - 0 6  3 . 1 5 6 E - 0 6  2 . 5 2 4 9 E - 0 6  2 . 1 0 4 E - 0 6  1 . 8 0 3 5 E - 0 6  1 . 5 7 8 E - 0 6  1 . 4 0 2 7 E - 0 6  1 . 2 6 2 4 E - 0 6  
1 . 1 4 7 7 E - 0 6  1 . 0 5 2 E - 0 6  9 . 7 1 1 E - 0 7
1 . 3 4 6 E - 0 3  8 . 9 7 3 3 E - 0 4  6 . 7 3 E - 0 4  5 . 3 8 4 E - 0 4  4 . 4 8 6 6 E - 0 4  3 . 8 4 5 7 E - 0 4  3 . 3 6 5 E - 0 4  2 . 9 9 1 E - 0 4  2 . 6 9 2 E - 0 4  2 . 4 4 7 3 E -  
04 2 . 2 4 3 3 E - 04 2 . 0 7 0 8 E - 0 4
0 . 0 7 0 0  0 . 0 4 6 7  0 . 0 3 5 0  0 . 0 2 8 0  0 . 0 2 3 3  0 . 0 2 0 0  0 . 0 1 7 5  0 . 0 1 5 6  0 . 0 1 4 0
7 2 60  0 . 5 8 0 8  0 . 4 8 4 0  0 . 4 1 4 9  0 . 3 6 3 0  0 . 3 2 2 7  0 . 2 9 0 4
8 . 0 0 8 0  6 . 4 0 6 4  5 . 3 3 8 7  4 . 5 7 6 0  4 . 0 0 4 0  3 . 5 5 9 1  3 . 2 0 3 2
5 6 . 1 5 4 4  4 4 . 9 2 3 5  3 7 . 4 3 6 3  3 2 . 0 8 8 2  2 8 . 0 7 7 2  2 4 . 9 5 7 5
1 . 4 5 2 0  0 . 9 6 8 0  0.
1 6 . 0 1 6 0  1 0 . 6 7 7 3
7 4 . 8 7 2 5
0 . 0 1 2 7  0 . 0 1 1 7  0 . 0 1 0 8  
0 . 2 6 4 0  0 . 2 4 2 0  0 . 2 2 3 4  
2 . 9 1 2 0  2 . 6 6 9 3  2 . 4 6 4 0
2 2 . 4 6 1 8  2 0 . 4 1 9 8  1 8 . 7 1 8 1
1 2 6 2 . 6 5 7 5
1 8 8 4 2 . 7 1 0 9
3 4 2 5 . 9 4 7 4
2 8 1 . 4 5 3 3  2 2 5 . 1 6 2 7  1 8 7 . 6 3 5 6  1 6 0 . 8 3 0 5  1 4 0 . 7 2 6 7  1 2 5 . 0 9 0 4  1 1 2 . 5 8 1 3  1 0 2 . 3 4 6 7
8 7 3 . 7 8 4 6  7 2 8 . 1 5 3 8  6 2 4 . 1 3 1 8  5 4 6 . 1 1 5 4  4 8 5 . 4 3 5 9  4 3 6 . 8 9 2 3
2 7 7 7 . 8 4 6 6  2 3 1 4 . 8 7 2 1  1 9 8 4 . 1 7 6 1  1 7 3 6 . 1 5 4 1  1 5 4 3 . 2 4 8 1  1 3 8 8 . 9 2 3 3
7 5 3 7 . 0 8 4 4  6 2 8 0 . 9 0 3 6  5 3 8 3 . 6 3 1 7  4 7 1 0 . 6 7 7 7  4 1 8 7 . 2 6 9 1  3 7 6 8 . 5 4 2 2
8 9 9 6 . 8 8 5 7
1 1 2 . 3 0 8 8  
1 7 . 2 7 8 3
5 6 2 . 9 0 6 7  3 7 5 . 2 7 1 1
9 3 . 8 1 7 8  8 6 . 6 0 1 0
2 1 8 4 . 4 6 1 5  1 4 5 6 . 3 0 7 6  1 0 9 2 . 2 3 0 7
3 9 7 . 1 7 4 8  3 6 4 . 0 7 6 9  3 3 6 . 0 7 1 0
6 9 4 4 . 6 1 6 4  4 6 2 9 . 7 4 4 3  3 4 7 2 . 3 0 8 2
1 1 5 7 . 4 3 6 1  1 0 6 8 . 4 0 2 5
1 2 5 6 1 . 8 0 7 3  9 4 2 1 . 3 5 5 4
3 1 4 0 . 4 5 1 8  2 8 9 8 . 8 7 8 6
4 4 9 8 4 . 4 2 8 7  2 9 9 8 9 . 6 1 9  2 2 4 9 2 . 2 1 4 4  1 7 9 9 3 . 7 7 1 5  1 4 9 9 4 . 8 0 9 6  1 2 8 5 2 . 6 9 3 9  1 1 2 4 6 . 1 0 7  9 9 9 6 . 5 3 9 7  
8 1 7 8 . 9 8 7  7 4 9 7 . 4 0 4 8  6 9 2 0 . 6 8 1 3
9 6 7 0 4 . 9 3 6 9  6 4 4 6 9 . 9 5 8  4 8 3 5 2 . 4 6 8 5  3 8 6 8 1 . 9 7 4 8  3 2 2 3 4 . 9 7 9  2 7 6 2 9 . 9 8 2  2 4 1 7 6 . 2 3 4  2 1 4 8 9 . 9 8 6  1 9 3 4 0 . 9 8 7 4  
1 7 5 8 2 . 7 1 5 8  1 6 1 1 7 . 4 8 9 5  1 4 8 7 7 . 6 8 2 6
1 9 0 5 7 4 . 1 0 8 4  1 2 7 0 4 9 . 4 0 5 6  9 5 2 8 7 . 0 5 4 2  7 6 2 2 9 . 6 4 3 4  6 3 5 2 4 . 7 0 2 8  5 4 4 4 9 . 7 4 5  4 7 6 4 3 . 5 2 7  4 2 3 4 9 . 8 0 1 9  3 8 1 1 4 . 8 2 1 7  
3 4 6 4 9 . 8 3 7 9  3 1 7 6 2 . 3 5 1 4  2 9 3 1 9 . 0 9 3 6  
* k v t a b l e  6 * *  K v a l u e  t a b l e  f o r  C02
2 . 4 9 1 4  1 . 6 6 0 9  1 . 2 4 5 7  0 . 9 9 6 6  0 . 8 3 0 5
4 . 5 5 0 0  3 . 4 1 2 5  2 . 7 3 0 0  2 . 2 7 5 0
9 . 5 6 0 7  7 . 1 7 0 5  5 . 7 3 6 4  4 . 7 8 0 4
2 . 6 7 7 6  1 0 . 1 4 2 1  8 . 4 5 1 8  7
1 9 . 9 0 5 2  1 5 . 9 2 4 1  1 3 . 2 7 0 1
2 8 . 7 0 2 9
6 . 8 2 4 9
1 4 . 3 4 1 1
2 5 . 3 5 5 3
3 9 . 8 1 0 3
5 7 . 4 0 5 7
8 . 8 3 1 7
7 7 . 7 1 5 6
1 1 . 9 5 6 2
1 0 0 . 2 7 2 0
1 5 . 4 2 6 5
1 2 4 . 6 1 6 6
1 9 . 1 7 1 8
1 5 0 . 3 2 8 4
2 3 . 1 2 7 4
1 7 7 . 0 3 6 2
2 7 . 2 3 6 3
2 0 4 . 4 2 1 4
3 1 . 4 4 9 4
2 3 2 . 2 1 6 1
3 5 . 7 2 5 6
0 . 7 1 1 8  
1 . 9 5 0 0  
4 . 0 9 7 5
0 . 6 2 2 9
1 . 7 0 6 2
3 . 5 8 5 3
0 . 5 5 3 6
1 . 5 1 6 7
3 . 1 8 6 9
0 . 4 9 8 3
1 . 3 6 5 0
2 . 8 6 8 2
0 . 4 5 3 0  0 . 4 1 5 2
1 . 2 4 0 9  1 . 1 3 7 5
2 . 6 0 7 5  2 . 3 9 0 2
0 . 3 8 3 3
1 . 0 5 0 0
2 . 2 0 6 3
1 6 . 9 0 3 5  
2 6 . 5 4 0 2  
3 8 . 2 7 0 5 2 2 . 9 6 2 3  1 9 . 1 3 5 2
2444  6
1 1 . 3 7 4 4  
1 6 . 4 0 1 6
33 88  5 . 6 3 4 5  5 . 0 7 1 1  4 . 6 1 0 1  4 . 2 2 5 9  3 . 9 0 0 8
9 . 9 5 2 6
1 4 . 3 5 1 4
8 . 8 4 6 7  7
1 2 . 7 5 6 8
9 6 21  7.
1 1 . 4 8 1 1
23 82  6 . 6 3 5 1  6 . 1 2 4 7
1 0 . 4 3 7 4  9 . 5 6 7 6
5 1 . 8 1 0 4  3 8 . 8 5 7 8  3 1 . 0 8 6 2  2 5 . 9 0 5 2  2 2 . 2 0 4 5  1 9 . 4 2 8 9  1 7 . 2 7 0 1  1 5 . 5 4 3 1  1 4 . 1 3 0 1  1 2 . 9 5 2 6
6 6 . 8 4 8 0  5 0 . 1 3 6 0  4 0 . 1 0 8 8  3 3 . 4 2 4 0  2 8 . 6 4 9 1  2 5 . 0 6 8 0  2 2 . 2 8 2 7  2 0 . 0 5 4 4  1 8 . 2 3 1 3  1 6 . 7 1 2 0
8 3 . 0 7 7 7  6 2 . 3 0 8 3  4 9 . 8 4 6 6  4 1 . 5 3 8 9  3 5 . 6 0 4 7  3 1 . 1 5 4 1  2 7 . 6 9 2 6  2 4 . 9 2 3 3  2 2 . 6 5 7 6  2 0 . 7 6 9 4
1 0 0 . 2 1 8 9  7 5 . 1 6 4 2  6 0 . 1 3 1 4  5 0 . 1 0 9 5  4 2 . 9 5 1 0  3 7 . 5 8 2 1  3 3 . 4 0 6 3  3 0 . 0 6 5 7  2 7 . 3 3 2 4  2 5 . 0 5 4 7
1 1 8 . 0 2 4 1  8 8 . 5 1 8 1  7 0 . 8 1 4 5  5 9 . 0 1 2 1  5 0 . 5 8 1 8  4 4 . 2 5 9 0  3 9 . 3 4 1 4  3 5 . 4 0 7 2  3 2 . 1 8 8 4  2 9 . 5 0 6 0
1 3 6 . 2 8 0 9  1 0 2 . 2 1 0 7  8 1 . 7 6 8 5  6 8 . 1 4 0 5  5 8 . 4 0 6 1  5 1 . 1 0 5 3  4 5 . 4 2 7 0  4 0 . 8 8 4 3  3 7 . 1 6 7 5  3 4 . 0 7 0 2
1 5 4 . 8 1 0 7  1 1 6 . 1 0 8 0  9 2 . 8 8 6 4  7 7 . 4 0 5 4  6 6 . 3 4 7 5  5 8 . 0 5 4 0  5 1 . 6 0 3 6  4 6 . 4 4 3 2  4 2 . 2 2 1 1  3 8 . 7 0 2 7
♦ k v t a b l e  7 * *  K v a l u e  t a b l e  f o r  N2
2 7 . 0 1 8 8  1 8 . 0 1 2 5  1 3 . 5 0 9 4  1 0 . 8 0 7 5  9 . 0 0 6 3  7 . 7 1 9 7  6 . 7 5 4 7  6 . 0 0 4 2  5 . 4 0 3 8  4 . 9 1 2 5  4 . 5 0 3 1  4 . 1 5 6 7
3 8 . 0 4 8 3  2 5 . 3 6 5 5  1 9 . 0 2 4 1  1 5 . 2 1 9 3  1 2 . 6 8 2 8  1 0 . 8 7 0 9  9 . 5 1 2 1  8 . 4 5 5 2  7 . 6 0 9 7  6 . 9 1 7 9  6 . 3 4 1 4  5 . 8 5 3 6
4 8 . 9 6 4 5  3 2 . 6 4 3 0  2 4 . 4 8 2 2  1 9 . 5 8 5 8  1 6 . 3 2 1 5  1 3 . 9 8 9 8  1 2 . 2 4 1 1  1 0 . 8 8 1 0  9 . 7 9 2 9  8 . 9 0 2 6  8 . 1 6 0 7  7 . 5 3 3 0
5 9 . 4 2 2 5  3 9 . 6 1 5 0  2 9 . 7 1 1 3  2 3 . 7 6 9 0  1 9 . 8 0 7 5  1 6 . 9 7 7 9  1 4 . 8 5 5 6  1 3 . 2 0 5 0  1 1 . 8 8 4 5  1 0 . 8 0 4 1  9 . 9 0 3 8
6 9 . 2 6 3 8  4 6 . 1 7 5 9  3 4 . 6 3 1 9  2 7 . 7 0 5 5  2 3 . 0 8 7 9  1 9 . 7 8 9 7  1 7 . 3 1 6 0  1 5 . 3 9 2 0  1 3 . 8 5 2 8  1 2 . 5 9 3 4  1 1 . 5 4 4 0
7 8 . 4 3 4 0  5 2 . 2 8 9 3  3 9 . 2 1 7 0  3 1 . 3 7 3 6  2 6 . 1 4 4 7  2 2 . 4 0 9 7  1 9 . 6 0 8 5  1 7 . 4 2 9 8  1 5 . 6 8 6 8  1 4 . 2 6 0 7  1 3 . 0 7 2 3
8 6 . 9 3 4 5  5 7 . 9 5 6 3  4 3 . 4 6 7 2  3 4 . 7 7 3 8  2 8 . 9 7 8 2  2 4 . 8 3 8 4  2 1 . 7 3 3 6  1 9 . 3 1 8 8  1 7 . 3 8 6 9  1 5 . 8 0 6 3  1 4 . 4 8 9 1
9 4 . 7 9 5 2  6 3 . 1 9 6 8  4 7 . 3 9 7 6  3 7 . 9 1 8 1  3 1 . 5 9 8 4  2 7 . 0 8 4 3  2 3 . 6 9 8 8  2 1 . 0 6 5 6  1 8 . 9 5 9 0  1 7 . 2 3 5 5  1 5 . 7 9 9 2
3 4 . 0 1 9 7  2 9 . 1 5 9 8  2 5 . 5 1 4 86 8 . 0 3 9 5  5 1 . 0 2 9 6  4 0 . 8 2 3 71 0 2 . 0 5 9 2  
1 5 . 7 0 1 4  
1 0 8 . 7 7 4 1  
1 6 . 7 3 4 5  
1 1 4 . 9 8 7 6  
1 7 . 6 9 0 4
1 2 0 . 7 4 5 2  8 0 . 4 9 6 8  6 0 . 3 7 2 6  4 8 . 2 9 8 1
2 2 . 6 7 9 8  2 0 . 4 1 1 8
9 . 1 4 1 9  
1 0 . 6 5 6 0  
1 2 . 0 6 6 8  
1 3 . 3 7 4 5  
1 4 . 5 8 3 9  
1 8 . 5 5 6 2  1 7 . 0 0 9 9
7 2 . 5 1 6 1  5 4 . 3 8 7 1  4 3 . 5 0 9 7  3 6 . 2 5 8 0  3 1 . 0 7 8 3  2 7 . 1 9 3 5  2 4 . 1 7 2 0  2 1 . 7 5 4 8  1 9 . 7 7 7 1  1 8 . 1 2 9 0
7 6 . 6 5 8 4  5 7 . 4 9 3 8  4 5 . 9 9 5 1  3 8 . 3 2 9 2  3 2 . 8 5 3 6  2 8 . 7 4 6 9  2 5 . 5 5 2 8  2 2 . 9 9 7 5  2 0 . 9 0 6 8  1 9 . 1 6 4 6
4 0 . 2 4 8 4  3 4 . 4 9 8 6  3 0 . 1 8 6 3  2 6 . 8 3 2 3  2 4 . 1 4 9 0  2 1 . 9 5 3 7  2 0 . 1 2 4 2  1 8 . 5 7 6 2
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1 2 6 . 0 8 9 1  8 4 . 0 5 9 4  6 3 . 0 4 4 5  5 0 . 4 3 5 6  4 2 . 0 2 9 7  3 6 . 0 2 5 4  3 1 . 5 2 2 3  2 8 . 0 1 9 8  2 5 . 2 1 7 8  2 2 . 9 2 5 3  2 1 . 0 1 4 8  1 9 . 3 9 8 3
♦ ♦  R e f e r e n c e  c o n d i t i o n s
♦ p r s r  1 4 . 7  ♦ t e m r  77 ♦ p s u r f  1 4 . 6 5  ♦ t s u r f  62
w -k  ----------------------------- ----------------  K U C 1 \ “ r  J jU  1JJ  r K U r i i K l  J .L O  ----------------------------------- ----------------------------------
♦ r o c k f l u i d
♦ s w t  ♦♦  W a t e r - o i l  r e l a t i v e  p e r m e a b i l i t i e s
♦ ♦  Sw Krw Krow
*★ --------
0 . 1 0 . 0 0 . 9
0 . 2 5 0 . 0 0 4 0 . 6
0 . 4 4 0 . 0 2 4 0 . 2 8
0 . 5 6 0 . 0 7 2 0 . 1 4 4
0 . 6 7 2 0 . 1 6 8 0 . 0 4 8
0 . 7 1 7 0 . 2 5 6 0 . 0
♦ ♦  0 . 7 5 2 0 . 2 5 6 0 . 0
♦ s i t  ♦♦  L i q u i d - g a s r e l a t i v e  p e r m e a b i l i t i e s
♦ ♦  S I K r g Kro g
* ★  --------
♦ ♦  0 . 2 1 0 . 7 8 4 0 . 0
♦ ♦  0 . 2 1 0 . 5 8 4 0 . 0
0 . 2 1 0 . 4 8 4 0 . 0
♦ ♦  0 . 3 2 0 . 4 4 8 0 . 0 1
0 . 3 2 0 . 3 4 8 0 . 0 1
0 . 4 0 . 2 8 8 0 . 0 2 4
0 . 4 7 2 0 . 1 8 4 0 . 0 5 2
0 .  58 0 . 0 8 6 0 . 1 5 2
0 . 6 8 0 . 0 2 4 0 . 2 7 2
0 .  798 0 . 0 0 6 0 . 4 4 8
0 . 8 0 0 0 . 0 0 . 9
♦♦  0 . 8 3 2 0 . 0 0 6  0 . 4 4 8
♦♦  0 . 8 3 7 0 . 0 0 . 9
♦ ♦  0 . 8 7 2 0 . 0 0 . 9
♦ ♦  O v e r r i d e c r i t i c a l s a t u r a t i o n s  on t a b l e
♦ ♦  *svr 0 . 2 5 ♦s o r w  0 . 2 5  ^ s g r  0 . 1 2  ♦ s o r g  0 . 2
♦ ♦  *swr 0 . 2 5 ♦ s o r w  0 . 2 8  #s g r  0 . 1 7  ♦ s o r g  0 . 2
♦ s w r  0 . 2 5  ♦!sorw 0 . 2 8 ♦ s g r  0 . 2 0  ♦ s o r g  0 . 2
♦♦---- ----------= == = == == =  I N I T I A L  CONDITIONS = = = = = = = = = = = = = = = = = ------ --
♦ i n i t i a l
♦ v e r t i c a l  ♦on ♦ p s t e p  150  ♦ r e f p r e s  1 4 5 0 . 3 8  ♦ r e f d e p t h  2000  ♦ r e f b l o c k  1 1 1
♦ p r e s  ♦ c on  1 4 5 0 . 3 8  ♦♦  h i g h  i n i t i a l  p r e s s u r e  100 b a r  ( 1 0 0 0 0  kPa  o r  1 4 5 0 . 3 8  p s i )
♦♦  ♦ p r e s  ♦con 2 1 7 5 . 5 7  ♦♦  h i g h  i n i t i a l  p r e s s u r e  150 b a r  ( 1 5 0 0 0  kPa o r  2 1 7 5 . 5 7  p s i )
♦♦  S o i = 0 . 6 0  & S w i = 0 . 3 5  ACCORDING TO TOBY'S LETTER 5 / 1 1 / 1 9 9 6
♦sw ♦ c on  0 . 3 5  ♦♦  i n i t i a l  w a t e r  s a t u r a t i o n  i s  0 . 3 0
♦ s o  ♦ c on  0 . 6 0  ♦♦  i n i t i a l  ga s  s a t u r a t i o n  i s  0 . 0 5
♦ ♦  ♦sw ♦c on 0 . 3 0  ♦♦  i n i t i a l  w a t e r  s a t u r a t i o n  i s  0 . 3 0
*★ * so  * c o n  0 . 6 5 0  ♦ ♦  i n i t i a l  gas  s a t u r a t i o n  i s  0 . 0 5
♦ t emp ♦ c on  1 7 6 .  ♦♦  R e s e r v o i r  Bed T e m p e r a t u r e  80  oC ( 1 7 6  oF )
★ *  ___________________________________________________________________________________________________________
♦♦  Gas i n  t u b e  a t  t h e  i n i t i a l  c o n d i t i o n s  i s  N2 w i t h  s m a l l  c o n c e t r a t i o n  o f  C l - 5  
♦♦  a t  e q u i l i b r i u m  w i t h  t h e  l i q u i d  p e t r o l e u m  p h a s e .
♦♦  ' H 2 0 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 ' ' C l - 5 '  ' C 0 2 '  ' N 2 '
' 0 2 '  ' CO '  'COKE'
♦ m o l e f r a c  ♦ gas  ♦c on 4 ^ 0 . 0  0 . 0 0 3  0 . 0
0 . 9 9 7  0 . 0  0 . 0
♦♦  ♦ m o l e f r a c  ♦g as  ♦c on 5 ^ 0 . 0  0 . 7 9  0 . 2 1  0 . 0
_♦♦ I n i t i a l  p e t r o l e u m  p h a s e  f r a c t i o n  a r e : C 2 1 + = 0 . 3 5 8 7 5 5 4 8  C l l - 2 0 = 0 . 3 7 3 6 0 9 0 6
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* *  C 6 - 1 0 = 0 . 1 9 2 9 3 2 9 2  C l - 5  = 0 . 0 7 4 7 0 2 5 5
★★ A f t e r  e q u i l i b i z a t i o n  w i t h  t h e  N2 gas  p h a s e  t h e  N i t r o g e n  f r a c t i o n  i n  t h e  o i l  p h a s e  i s  0 . 0 4  and  
★★ t h e  h y d r o c a r b o n  f r a c t i o n  a r e :  C21+  = 0 . 3 3 3 6 4 3  C l l - 2 0 = 0 . 3 4 7 4 5 7
★* C 6 - 1 0  = 0 . 1 7 9 4 2 7  C l - 5  = 0 . 0 6 9 4 7 3
* *  1 2 3 4 5
7 8 9 10
* *  ' H 2 0 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C l - 5 '  ' C 0 2 '  ' N 2 '
' 0 2 '  ' CO '  'COKE'
★ m o l e f r a c  * o i l  * c o n  0 . 0  0 . 3 3 0 0 2 9  0 . 3 4 3 7 2 4  0 . 1 7 7 4 9 9  0 . 0 6 8 7 4 8  0 . 0  0 . 0 8
* *  * m o l e f r a c  * o i l  * c o n  0 . 0  0 . 3 5 8 7 5 4  0 . 3 7 3 6 0 8  0 . 1 9 2 9 3 2  0 . 0 7 4 7 0 2  0 . 0  0 . 0 4
* *  = = = = = = = = = = = = = =  NUMERICAL CONTROL =========== == == == === ==
★ n u m e r i c a l  ★★ A l l  t h e s e  can  b e  d e f a u l t e d .  The d e f i n i t i o n s
★★ h e r e  m a t c h  t h e  p r e v i o u s  d a t a .
★ max st eps  4 5 0 0  * n o r t h  10 * n e w t o n c y c  29 * i t e r m a x  120  
★ u n r e l a x  - 1  
★ p i v o t  * o n  
★ p vt o sc ma x  15
★norm p r e s s  280 s a t u r  0 . 3 9  t emp 250
★★ * n o r m  p r e s s  15 s a t u r  . 1  t emp 40 y  . 1  x  . 1
★* * c o n v e r g e  p r e s s  . 1 5  s a t u r  . 0 0 2  temp . 5  y  . 0 0 2  x  . 0 0 2
★ c o n v e r g e
★ p re ss  4 . 3 5  
★ s a t u r  0 . 0 4 9  
★temp 1 . 7 9  
* y  0 . 0 9
* x  0 . 0 9  
★w 0 . 0 9  
★zo 0 . 0 4  
★zncg 0 . 0 4  
★zaq 0 . 5  
★ w e l l r e s  1 
★ m a t b a l t o l  1
★run
RECURRENT DATA
t i m e  0 d t w e l l  . 0 0 0 0 0 5  
★★ t i m e  0 d t w e l l  . 0 0 5
w e l l  1 ' I N JE C TO R '  i n j e c t o r  1
o p e r a t e  ga s  1 2 0 0 0 0 0  * *  I n j e c t i o n  R a t e  1 6 . 6 4 1 6 3  f t 3 / h r  ( 7 8 5 3 . 9 8  c m 3 / m i n )
★★ o p e r a t e  gas 1 6 6 4 1 6 3 0  ★★ I n j e c t i o n  R a t e  1 6 . 6 4 1 6 3  f t 3 / h r  ( 7 8 5 3 . 9 8  c m 3 / m i n )
★ ★ T o t a l  i n j e c t i o n  f l u x  60 m 3 / m 2 h r  s t d  
* *  1 2  3 4 5 6 7
8 9 10
* *  ' H 20 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 ' ' C l - 5 '  ' C 0 2 '  ' N 2 '  ' 0 2 '  ' CO'  'COKE'
incomp gas  6 * 0 . 0  0 . 7 9  0 . 2 1  0 . 0  ★★ A i r  i n j e c t i o n  21% 02 & 79% N2
t i n j o v  176
p e r f  1 ★★ i  j  k  w i ( g a s )
1 1 8  1 4 0 0 0 0 .
* *  1 1 8  0 . 1 4
* *  1 1 32 5 . 5 4
w e l l  2 'PRODUCER'  p r o d u c e r  2 
OPERATE MAX L I Q U I D  1 4 0 0 0 0 .
* *  OPERATE MAX L I Q U I D  0 . 1 4  
* *  OPERATE MAX L I Q U I D  0 . 1 6 3 6  
OPERATE BHP 5 0 0 .
★* OPERATE BHP 7 0 0 .
★★ o p e r a t e  bhp 1 5 0 0 . 3  
m o n i t o r  t e mp  12 00  s t o p
g e o m e t r y  k  - 1  1 1 0 ★★ L i n e a r  p r e s s u r e  d r o p  a t  t u b e  end
p e r f  geo  2 ★★ i  j  k
1 1 1
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** h e a t r  i j k  1 1 12 8  662 * *  Use  e x t e r n a l  h e a t e r s  t o  r a i s e  t h e  t e m p e r a t u r e
* *  h e a t r  i j k  1 1  8 250  ** Use  e x t e r n a l  h e a t e r s  t o  r a i s e  t h e  t e m p e r a t u r e
t i m e  . 2
h e a t r  con 0 * *  S h u t  o f f  e x t e r n a l  h e a t e r s
t i m e  . 2 5
o u t s r f  g r i d  none  
t i m e  .5
o u t s r f  g r i d  none  
t i m e  1
o u t s r f  g r i d  p r e s  sw so sg temp y  x  w s o l c o n c  o b h l o s s
masdenw masdeno masdeng pcow pcog v i s w  v i s o  v i s g  
k r w  k r o  k r g  k v a l y w  k v a l y x  cmpdenw cmpdeno cmpv isw  
c m p v i s o  c m p v i s g  c c h l o s s
t i m e  1 . 5
o u t s r f  g r i d  none  
t i m e  2
o u t s r f  g r i d  none
t i m e  2 . 5
o u t s r f  g r i d  none  
t i m e  2 . 7 5  
t i m e  3
o u t s r f  g r i d  none
t i m e  3 . 2 5  
t i m e  3 . 5
o u t s r f  g r i d  none  
t i m e  3 . 7 5  
t i m e  4
o u t s r f  g r i d  none
t i m e  4 . 5
o u t s r f  g r i d  none  
t i m e  5
o u t s r f  g r i d  p r e s  sw so sg temp y  x  w s o l c o n c  o b h l o s s
masdenw masdeno masdeng pcow pcog v i s w  v i s o  v i s g  
k r w  k r o  k r g  k v a l y w  k v a l y x  cmpdenw cmpdeno cmpv isw  
c m p v i s o  c m p v i s g  c c h l o s s
t i m e  5 . 5
o u t s r f  g r i d  none  
t i m e  6
o u t s r f  g r i d  none
t i m e  6 . 5
o u t s r f  g r i d  none  
t i m e  7
o u t s r f  g r i d  none
t i m e  7 . 5
o u t s r f  g r i d  none  
t i m e  8
o u t s r f  g r i d  none  
t i m e  9
o u t s r f  g r i d  none  
t i m e  10 
t i m e  24 
t i m e  48 
t i m e  60
STOP
t i m e  96 
t i m e  120  
t i m e  240  
t i m e  360  
t i m e  480  
t i m e  720  
t i m e  960  
t i m e  1200  
t i m e  2400
o u t s r f  g r i d  p r e s  sw so sg temp y  x  w s o l c o n c  o b h l o s s
masdenw masdeno masdeng pcow pcog v i s w  v i s o  v i s g  
k r w  k r o  k r g  k v a l y w  k v a l y x  cmpdenw cmpdeno cmpv isw  
c m p v i s o  c m p v i sg  c c h l o s s
stop
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APPENDIX-V. SIMULATION DATA FILES OF OIL FIELD SCALE STUDIES.
*  * ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
* *  L I GH T O I L  F I E L D  SCALE I N - S I T U  COMBUSTION
♦♦  HORIZONTAL PRODUCER DOWNDIP H P - -  HORIZONTAL INJECTOR UPDI P H I .
♦♦  = = = = = = = = = = = = = = = = = = = = = = = = = = = = I S C _ H P H I . DAT= == == == = == = == = == = == = ==
★  * ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
♦♦  T h i s  i s  STARS d a t a  s e t  f o r  F i e l d  S c a l e  L i g h t / M e d i u m  O i l  I n - S i t u  C om bu s t i o n
♦♦  DOWDIP HORIZONTAL PRODUCER & UPDIP HORIZONTAL INJECTOR PREDICTION CASE -  MR = 1 . 2 7 3 5  ME.
♦♦  L I GHT/ MEDI UM O I L  -  CLAIR  TYPE CRUDE 
* *
♦♦  F e a t u r e s :
♦♦  1 )  N i n e - p o i n t  d i s c r e t i z a t i o n  i n  t h e  a r e a l  p l a n e .
* *  2 )  D i s t i n c t  p e r m e a b i l i t y  l a y e r i n g .
♦♦  3 )  F i v e  h y d r o c a r b o n  c o mp on ent s ,  11 p s e u d o - c o m p o n e n t s  i n  t o t a l
♦♦  4 )  A u t o m a t i c  i n i t i a l  v e r t i c a l  e q u i l i b r i u m  c a l c u l a t i o n .
♦♦  5 )  M u l t i - l a y e r  w e l l  w i t h  a d d i t i o n a l  i n j e c t i o n  and p r o d u c t i o n
♦♦  o p e r a t i n g  c o n s t r a i n t s .
* *
* *  6 )  F o u r  c o m b u s t i o n  r e a c t i o n s :
* *  ( a )  c r a c k i n g  o f  l i g h t  o i l  t o  c o k e .
♦ ♦  ( b )  g a s  b u r n i n g .
♦♦  ( c )  l i g h t  o i l  b u r n i n g .
♦♦  ( d )  c o k e  b u r n i n g .
♦♦  B u r n i n g  p r o d u c e s  w a t e r  and  C0+C02 m i x t u r e .
♦♦  7 )  C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s ed  on:  MR = 1 . 2 7 3  5 ME
♦♦  8 )  H i g h  i n i t i a l  p r e s s u r e  64 40  p s i a .
♦♦  9 )  S i m u l a t i o n  s t o p s  when p r o d u c i n g  end r e a c h e s  600  F .
♦♦  1 0 )  S h a r p  ch a ng e s  i n  o i l  v i s c o s i t y  o c c u r  a t  t h e  s t e am  f r o n t
*  * ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
* *  = = = = = = = = = = = = = =  INPUT/OUTPUT CONTROL = = == = == = = = = = = = = = = = = = = =
f i l e n a m e  o u t p u t  i n d e x - o u t  m a i n - r e s u l t s - o u t  ♦ ♦  Use d e f a u l t  f i l e  names
♦ t i t l e l  ' L I G H T  O I L  I S C PREDICTION CASE -  MR = 1 . 2 7 3 5  M E . '
♦ T i t l e 2  'DOWNDIP HORIZONTAL PRODUCER -  '
* t i t l e 3  ' U PDI P  HORIZONTAL INJECTOR-  PREDICTION CASE. '
♦ i n u n i t  * f i e l d  ♦♦  o u t p u t  same as i n p u t
♦ o u t p r n  * g r i d  ♦ p r e s  * s w * s o  ♦sg  * t e m p  ♦y  * x  *w * s o l c o n c  
♦ o b h l o s s  * v i s o  
♦ o u t p r n  * w e l l  ♦ a l l
* w r s t  20 ♦wp rn  * g r i d  30 0  ♦wprn ♦ i t e r  300  
♦REWIND 1
♦RESTART 9140
♦♦  I N D E X - I N  ' I S C _ H P H I . I R F ' 
o u t s r f  g r i d  p r e s  so sg temp
o u t s r f  s p e c i a l  m a t b a l  w e l l  2 ♦♦  C u m u l a t i v e  l i t e  o i l  p r o d u c e d
m a t b a l  w e l l  3 ♦♦  C u m u l a t i v e  medm o i l  p r o d u c e d
m a t b a l  w e l l  4 ♦♦  C u m u l a t i v e  h e v y  o i l  p r o d u c e d
o b h l o s s  ♦♦ C u m u l a t i v e  h e a t  l o s s
b l k v a r  sg  0 1 ♦♦  T e m p e r a t u r e  i n  b l o c k  ( 1 . 1 . 1 )
b l k v a r  so  0 23 ♦♦  O i l  s a t u r a t i o n
b l k v a r  p r e s  0 23 ♦♦ P r e s s u r e
♦ PARTCLMLWT 1 3 . 6  ♦♦  COKE ( C H 1 . 6 )  MOLECULAR WEIGHT I S  1 3 . 6
♦♦  = = = —     GRID AND RESERVOIR D E F I N I T I O N
♦ g r i d  ♦ c a r t  22 9 5
♦ d i  ♦ i v a r  3 8 4 . 8  3 ^ 1 9 2 . 4 1  1 7 ^ 9 6 . 2 1  1 4 4 . 3 2  
♦ d j  ♦ c on  9 6 . 2 1
♦ dk  ♦ k v a r  3 5 . 7  3 5 . 2  3 4 . 8  3 4 . 5  3 4 . 6  
♦ d t o p  ♦ i v a r
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* *  D i p  a n g l e  8 . 8  o
8 6 2 0  8 6 0 0  8 5 8 0  85 6 0  8 5 4 0  85 20  85 00  84 80  8460  8 4 4 0  84 20  84 00  
83 8 0  8 3 6 0  8 3 4 0  83 2 0  8 3 0 0  82 80  82 60  82 4 0  82 20  82 0 0
* *  8 3 9 0  8 3 8 0  83 70  83 6 0  8 3 5 0  8340  83 30  83 2 0  83 10  8 3 0 0  82 9 0  82 80
* *  82 7 0  8 2 6 5  82 60  82 55  8 2 5 0  82 40  82 30  82 20  8 2 1 0  82 00
* p o r  * c o n  0 . 1 9 2 6 4
♦ p e r m i  * k v a r  3 * 1 1 0 0 . 0  2 * 1 3 0 0 . 0  * per ra j  * e q u a l s i  * p e r m k  * e q u a l s i  /  10
* *  * p e r m i  * k v a r  3 * 1 0 8 2 - 8 7 2  2 - 6 7 2 * 9 9 7 - 6 9 7 . 6 - 5 9 7  * p e r m j  * e q u a l s i  * p e r m k  * e q u a l s i  /  10
* c p o r  6 . 1 2 3 e - 5  * p r p o r  1 0 0 0  * r o c k c p  3 5 . 6  
* t h c o n r  36 * t h c o n w  36  * t h c o n o  36 * t h c o n g  36 
♦ h l o s s p r o p  o v e r b u r  3 5 . 6  36 u n d e r b u r  3 5 . 6  36
* *  = = == = = = = = = = = = =  F L U I D  D E F I N I T I O N S  = = = = = = = = = = = == = == = == = ==
* *  L I GHT/MEDIUM O I L  ( C LRP VT9 6 .X LS )
* m o d e l  11  10 8 * *  Number  o f  n o n c o n d e n s i b l e  ga se s  i s  numy-numx = 2
* *  Number  o f  s o l i d  component s  i s  ncomp-numy = 1 
* *  N2 & C02 s o l u b l e  i n  t h e  l i q u i d  p e t r o l e u m  p h a se
* *  0 2  & CO o n l y  i n  t h e  gas p h as e  i n s o l u b l e  i n  t h e  l i q u i d  p e t r o l e u m  p h a se
' C 2 1 + ' ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH 4' ' C 0 2 '  ' N 2 '  ' 0 2 '  ' CO'  'COKE'
5 3 9 . 3 7  2 0 9 . 7 2  1 0 2 . 0 6  4 6 . 9 3  1 6 . 0 4 3  4 4 . 0 1  2 8 . 0 1 3  32 2 8 . 0 1
2 5 2 . 4 4  2 7 3 . 6 8  3 9 1 . 3 1  6 0 9 . 9 3  6 6 7 . 2  1 0 7 1 . 0  4 9 2 . 3 1  73 0  5 0 7 . 5
8 3 2 . 1 7  8 0 9 . 3 5  5 2 2 . 9 2  2 1 3 . 8 2  - 1 1 6 . 5 9  8 7 . 5 6  - 2 3 2 . 5 1  - 1 8 1 . 7 2  - 2 2 0 . 7 8
* a v g  0 3 . 9 2 6 e - 6  3 . 8 7 6 e - 6  3 . 1 5 6 e - 6  2 . 1 6 6 e - 6  2 . 1 2 7 e - 4  2 . 1 9 6 0 e - 4  2 . 1 9 6 0 e - 4  2 . 1 9 6 0 e - 4  2 . 1 9 6 0 e - 4
* b v g  0 1 . 1 0 2  1 . 0 5 6  1 . 0 0 5  0 . 9 4 3  0 . 7 2 1  0 . 7 2 1  0 . 7 2 1  0 . 7 0 2  0 . 7 0 2
♦compname ' H 2 0 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' C H 4 ' ' C 0 2 '  ' N 2 '  ' 0 2 '  ' CO'  'COKE'
**                     ____
* a v i s c  0 0 . 1 3 2 6 8 3  0 . 1 3 2 8 2 3  0 . 1 5 2 2 9 6  0 . 1 9 0 2 4 8  0 . 1 3 7 8 4 9  0 . 0 4 4 1 2 6  0 . 1 4 1 2 6 9
* b v i s c  0 1 4 7 8 . 3 2  1 2 9 5 . 3 2  8 5 2 . 6 6  4 7 8 . 5 1  2 0 5 . 4 5  1 0 4 0 . 5 4  1 6 2 . 5 4
* *  *MOLDEN 0 . 0  8 . 4 6 9 E - 0 2  5 . 1 9 5 E - 0 1  2 . 1 1 5 E - 0 1  1 . 0 9 5 E - 0 1  8 . 9 8 E - 0 2  1 . 0 0 2 E - 0 1  8 . 5 5 3 E - 0 2
* m o l d e n  0 0 . 0 4 8 1  0 . 1 3 0 9  0 . 2 0 0 0  0 . 2 0 2 4  0 . 4 0 2 4  0 . 6 6 2 3  0 . 6 9 4 4  * *LBMOLE/FT3
* c p  0 3 . 9 e - 6  4 e -  6 4 . 5 e - 6  5 e - 6  6 . 5 e - 6  7 e - 6  7 . 5 e - 6
* *cmpnm ' H 2 0 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH 4' ' C 0 2 '  ' N 2 '  ' 0 2 '  'CO'  'COKE'
★ ★
* c t l  0 1 . 4 e - 4  1 . 4 9 6 e - 4  1 . 9 5 8 e - 4  2 . 5 2 7 e - 4  2 . 6 4 9 e - 4  2 . 8 3 9 e - 4  2 . 8 3 9 e - 4
** _____________________________________________________________________
* *  CHEMICAL REACTION 1 -  C r a c k i n g :  C21+ - >  CH4 + Coke
♦compname ' H 2 0 '  ' C 2 1 + '  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' C H4 ' ' C 0 2 '  ' N 2 '  ' 0 2 '  ' CO'  'COKE'
★ *               ____
♦ s t o r e a c  0 1 0  0 0 0 0 0 C
♦ s t o p r o d  0 0 0 0 0 7 . 4 2 2 5 8  0 0 0
* *  C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  1 . 2 7 3 5 e 5  * e a c t  3 8 0 00  * r e n t h  0 
* *  * f r e q f a c  1 . 0 e 5  * e a c t  3 8 0 0 0  * r e n t h  0
* *  * f r e q f a c  2 . I e 5  * e a c t  25 00 0  * r e n t h  0
*  *  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
* *  CHEMICAL REACTION 2 -  C r a c k i n g :  C21+ - >  C2 - C5  + Coke
♦compname ' H 2 0 '  ' C 2 1 + '  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4 ' ' C 0 2 '  ' N 2 '  '
★ *
♦ s t o r e a c  0 1 0  0 0 0 0 0 0
♦ s t o p r o d  0 0 0 0 5 . 2 1 2 5 4  0 0 0 0
* *  C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  0 . 8 9 1 e 5  * e a c t  3 9 0 00  * r e n t h  0 
* *  * f r e q f a c  0 . 7 e 5  * e a c t  3 9 0 0 0  * r e n t h  0
* *  * f r e q f a c  2 . 1 e 5  * e a c t  2 5 0 00  * r e n t h  0
* * ----------------------------------------------------------------------------------------------
* *  CHEMICAL REACTION 3 -  C r a c k i n g :  C 1 0 - C 2 0  - >  CH4 + Coke
♦compname ' H 2 0 '  ' C 2 1 + '  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' C H4 ' ' C 0 2 '  ' N 2 '  '
**               ____
♦ s t o r e a c  0 0 1  0 0 0  0 0 0
♦ s t o p r o d  0 0 0 0 0 3 . 3 5 4 0 6  0 0 0
* *  C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  0 . 5 e 5  * e a c t  4 5 0 0 0  * r e n t h  0
* *  * f r e q f a c  0 . 6 3 7 e 5  * e a c t  4 5 0 00  * r e n t h  0 
* *  * f r e q f a c  2 . 0 e 5  * e a c t  2 7 0 00  * r e n t h  0
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I 0 0
I 0 3 0 . 9 2 7 4
0 2 '  ' CO'  'COKE'
i 0 0
i 0 2 1 . 6 7 3 6
0 2 '  ' CO'  'COKE'
0 0 
0 1 1 . 4 7 4 4
♦compname ' H 2 0 '
** ____
♦cmm 18
♦ p c r i t  3155  
♦ t c r i t  7 0 5 . 7
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♦♦  CHEMICAL REACTION 4 -  Heavy  O i l  B u r n i n g :  C21+ + 02  - >  H20 + CO + e n e r g y
♦compname ' H 2 0 '  ' C 2 1 + '  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' ' C 0 2 '  ' N 2 '  ' 0 2 '  ' CO'  'COKE'
*  ★
♦ s t o r e a c  0 1 0  0 0 0  0 0  3 8 . 9 6 8 5  0 0
♦ s t o p r o d  3 9 . 5 8 7 1  0 0 0 0 0  0 0 0 3 8 . 5 1  0
♦♦  C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  3 . 8 4 6 e l 0  ♦ e a c t  1 2 400  ♦ r e n t h  1 0 2 9 3 . 9  
♦♦  ♦ f r e q f a c  3 . 8 4 6 e l 0  ♦ e a c t  1 3 5 0 0  ♦ r e n t h  1 0 2 9 3 . 9
♦♦ ♦ f r e q f a c  3 . 0 2 0 e l 0  ♦ e a c t  1 3 5 0 0  ♦ r e n t h  1 0 2 9 3 . 9
♦♦ ♦RTEMLOWR 7 9 0 . 0  
♦♦  ♦RTEMUPR 7 9 0 . 1
*  *  -----------------------------------------------------------------------------------------------
♦♦  CHEMICAL REACTION 5 -  Medium O i l  B u r n i n g :  C 10 - C2 0  + 0 2  - >  H20 + CO + e n e r g y
♦compname ' H 2 0 '  ' C 2 1 + '  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' ' C 0 2 '  ' N 2 '  ' 0 2 '  ' CO'  'COKE'
★ *
♦ s t o r e a c  0 0 1  0 0 0  0 0  1 5 . 3 5 8 1  0 0
♦ s t o p r o d  1 5 . 8 8 7 6  0 0  0 0  0 0 0 0  1 4 . 8 2 8 5  0
♦♦  C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  MR = 1 . 2 7 3 5  ME 
♦ f r e q f a c  3 . 8 4 6 e l 0  ♦ e a c t  1 4 1 00  ♦ r e n t h  4 9 2 0 . 3  
♦♦ ♦ f r e q f a c  3 . 8 4 6 e l 0  ♦ e a c t  1 5 5 0 0  ♦ r e n t h  4 9 2 0 . 3
♦♦ ♦ f r e q f a c  3 . 0 2 0 e l 0  ♦ e a c t  1 5 5 0 0  ♦ r e n t h  4 9 2 0 . 3
♦♦  ♦RTEMLOWR 7 9 0 . 0  
♦♦  ♦RTEMUPR 7 9 0 . 1
♦♦  CHEMICAL REACTION 6 -  L i g h t  O i l  B u r n i n g :  C6-C9  + 02  - >  H20 + CO + e n e r g y
♦compname ' H 2 0 '  ' C 2 1 + '  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4 ' ' C 0 2 '  ' N 2 '  ' 0 2 '  'CO'  'COKE'
★ *
♦ s t o r e a c  0 0 0  1 0 0  0 0  7 . 6 3 3 7 8  0 0
♦ s t o p r o d  8 . 1 1 5 4 1  0 0  0 0 0  0 0 0  7 . 1 5 2 1 6  0
♦♦  C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  MR = 1 . 2 7 3 5  ME 
♦ f r e q f a c  3 . 8 4 6 e l 0  ♦ e a c t  1 4 2 00  ♦ r e n t h  2 4 2 0 . 2
♦♦  ♦ f r e q f a c  3 . 8 4 6 e l 0  ♦ e a c t  1 5 5 0 0  ♦ r e n t h  2 4 2 0 . 2
♦♦  ♦ f r e q f a c  3 . 0 2 0 e l 0  ♦ e a c t  1 5 5 0 0  ♦ r e n t h  2 4 2 0 . 2
♦♦  ♦RTEMLOWR 7 9 0 . 0  
♦♦  ♦RTEMUPR 7 9 0 . 1
*  *  -----------------------------------------------------------------------------------------------
♦♦ CHEMICAL REACTION 7 -  H y d r o c a r b o n  Gas B u r n i n g :  C2 - C5  + 02  - >  H20 + CO + e n e r g y
♦compname ' H 2 0 '  ' C 2 1 + '  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH 4' ' C 0 2 '  ' N 2 '  ' 0 2 '  ' CO'  'COKE'
* ★
♦ s t o r e a c  0 0 0  0 1 0  0 0  3 . 7 3 3 7 5  0 0
♦ s t o p r o d  4 . 2 6 8 2 1  0 0  0 0 0  0 0 0  3 . 1 9 9 2 9  0
♦♦  C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  3 . 8 4 6 e l 0  ♦ e a c t  1 5 0 00  ♦ r e n t h  1 4 6 3 . 4
♦♦ ♦ f r e q f a c  3 . 0 2 0 e l 0  ♦ e a c t  1 5 0 0 0  ♦ r e n t h  1 4 6 3 . 4
♦♦ ♦RTEMLOWR 7 9 0 . 0
♦♦  ♦RTEMUPR 7 9 0 . 1
♦♦ CHEMICAL REACTION 8 
♦compname ' H 2 0 '  ' C 2 1 + '  
* *
-  Coke B u r n i n g :
' C 1 0 - 2 0 ' ' C 6 - 9 '
Coke  
' C2 -  5
+ 02  - >  H20 +
' ' C H 4 ' ' C 0 2 '
C02 +
' N 2 '
e n e r g y
' 0 2 ' n o ' COKE'
♦ s t o r e a c  0 0 
♦ s t o p r o d  0 . 8  0 
♦ f r e q f a c  3 . 0e5 ♦ e a c t  
♦♦  ♦RTEMLOWR 7 9 0 . 0  
♦♦ ♦RTEMUPR 7 9 0 . 1
0 0 
0 0 














♦♦  CHEMICAL REACTION 9 
♦compname ' H 2 0 '  ' C 2 1 + '  
*★
- Gas b u r n i n g :
' C 1 0 - 2 0 ' ' C 6 - 9 '
CH4 + 
' C 2 - 5
202 - >  2H20 + 
' ' CH 4' ' C 0 2 '
C02 + 
' N 2 '
e n e r g y
' 0 2 ' ' CO' ' COKE'
♦ s t o r e a c  0 0 0 0 0 1 0 0 1 . 5 0 0
♦ s t o p r o d  2 0 0  0 0 0  0 0 0 1 0
♦ ♦  C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  3 . 8 4 6 e l 0  ♦ e a c t  1 5 0 00  ♦ r e n t h  1 4 6 3 . 4
♦♦  ♦ f r e q f a c  3 . 0 2 0 e l 0  ♦ e a c t  5 9 4 5 0  ♦ r e n t h  5 0 2 . 5 3 3  ♦♦  R e a c t i o n  E n t h a l p y  B T U / l b m o l e
♦♦  ♦RTEMLOWR 7 9 0 . 0  
♦♦  ♦RTEMUPR 7 9 0 . 1
*  *  -----------------------------------------------------------------------------------------------
♦♦  CHEMICAL REACTION 10 -  C ar b on  M o n o x i d e  b u r n i n g :  CO + 0 . 5  02  - >  C02 + e n e r g y
♦compname ' H 2 0 '  ' C 2 1 + '  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH 4' ' C 0 2 '  ' N 2 '  ' 0 2 '  ' CO'  'COKE'
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**       _____
♦ s t o r e a c  0 0 0 0 0 0  0 0 0 . 5 1  0
♦ s t o p r o d  0 0 0  0 0 0  1 0 0 0 0
♦♦  C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  1 . 9 1 e 5  ♦ e a c t  32 5 0  ♦ r e n t h  2 . 8 3 8 E 5
♦♦  ♦ f r e q f a c  1 . 5 e 5  ♦ e a c t  3 2 5 0  ♦ r e n t h  2 . 8 3 8 E 5
♦♦  ♦RTEMLOWR 7 9 0 . 0
♦♦  ♦RTEMUPR 7 9 0 . 1
** _____________________________________________________________________
♦ s o l d e n  4 . 4
♦♦  Pseudo compo nen t  K v a l u e  t a b l e s  f o r  p r e s s u r e s  500  p s i  & 6 5 0 0  p s i  10 0  F t o  13 00  F b e  10 0  deg  
i n t e r v a l s
♦♦  ♦ k v t a b l i m  50 0  6 5 0 0  100 13 00
♦ k v t a b l i m  5 0 0 .  32 5 0  1 0 0 .  1 3 0 0 .
♦♦  l o w / h i g h  p r e s s u r e ;  l o w / h i g h  t e m p e r a t u r e
♦ k v t a b l e  2 ♦♦  K v a l u e  t a b l e  f o r  C21+
2 . 6 7 5 E - 0 4  1 . 7 8 3 E - 0 4  1 . 3 3 7 E - 0 4  1 . 0 7 0 E - 0 4  8 . 9 1 5 E - 0 5 7 . 6 4 2 E - 0 5 6 . 6 8 6 E - 0 5 5 . 9 4 3 E - 0 5
5 . 3 4 9 E - 0 5  4 . 8 6 3 E - 0 5  4 . 4 5 8 E - 0 5  4 . 1 1 5 E - 0 5  
2 . 0 1 0 E - 0 3  1 . 3 4 0 E - 0 3  1 . 0 0 5 E - 0 3  8 . 0 4 1 E - 0 4  6 . 7 0 1 E - 0 4 5 . 7 4 3 E - 0 4 5 . 0 2 6 E - 0 4 4 . 4 6 7 E - 0 4
4 . 0 2 0 E - 0 4  3 . 6 5 5 E - 0 4  3 . 3 5 0 E - 0 4  3 . 0 9 3 E - 0 4  
8 . 8 8 6 E - 0 3  5 . 9 2 4 E - 0 3  4 . 4 4 3 E - 0 3  3 . 5 5 4 E - 0 3  2 . 9 6 2 E - 0 3 2 . 5 3 9 E - 0 3 2 . 2 2 2 E - 0 3 1 . 9 7 5 E - 0 3
1 . 7 7 7 E - 0 3  1 . 6 1 6 E - 0 3  1 . 4 8 1 E - 0 3  1 . 3 6 7 E - 0 3  
2 . 7 8 0 E - 0 2  1 . 8 5 3 E - 0 2  1 . 3 9 0 E - 0 2  1 . 1 1 2 E - 0 2  9 . 2 6 7 E - 0 3 7 . 9 4 3 E - 03 6 . 9 5 0 E - 0 3 6 . 1 7 8 E - 0 3
5 . 5 6 0 E - 0 3  5 . 0 5 5 E - 0 3  4 . 6 3 4 E - 0 3  4 . 2 7 7 E - 0 3  
6 . 8 5 8 E - 0 2  4 . 5 7 2 E - 0 2  3 . 4 2 9 E - 0 2  2 . 7 4 3 E - 0 2  2 . 2 8 6 E - 0 2 1 . 9 6 0 E - 0 2 1 . 7 1 5 E - 0 2 1 . 5 2 4 E - 0 2
1 . 3 7 2 E - 0 2  1 . 2 4 7 E - 02 1 . 1 4 3 E - 0 2  1 . 0 5 5 E - 0 2  
1 . 4 2 7 E - 0 1  9 . 5 1 3 E - 0 2  7 . 1 3 5 E - 0 2  5 . 7 0 8 E - 0 2  4 . 7 5 6 E - 0 2 4 . 0 7 7 E - 0 2 3 . 5 6 7 E - 0 2 3 . 1 7 1 E - 0 2
2 . 8 5 4 E - 0 2  2 . 5 9 4 E - 0 2  2 . 3 7 8 E - 0 2  2 . 1 9 5 E - 0 2  
2 . 6 1 6 E - 0 1  1 . 7 4 4 E - 0 1  1 . 3 0 8 E - 0 1  1 . 0 4 7 E - 0 1  8 . 7 2 1 E - 0 2 7 . 4 7 5 E - 0 2 6 . 5 4 1 E - 0 2 5 . 8 1 4 E - 0 2
5 . 2 3 3 E - 0 2  4 . 7 5 7 E - 0 2  4 . 3 6 1 E - 0 2  4 . 0 2 5 E - 0 2  
4 . 3 5 7 E - 0 1  2 . 9 0 5 E - 0 1  2 . 1 7 9 E - 0 1  1 . 7 4 3 E - 0 1  1 . 4 5 2 E - 0 1 1 . 2 4 5 E - 0 1 1 . 0 8 9 E - 0 1 9 . 6 8 3 E - 0 2
8 . 7 1 5 E - 0 2  7 . 9 2 2 E - 02 7 . 2 6 2 E - 0 2  6 . 7 0 4 E - 0 2  
6 . 7 3 2 E - 0 1  4 . 4 8 8 E - 0 1  3 . 3 6 6 E - 0 1  2 . 6 9 3 E - 0 1  2 . 2 4 4 E - 0 1 1 . 9 2 3 E - 0 1 1 . 6 8 3 E - 0 1 1 . 4 9 6 E - 0 1
1 . 3 4 6 E - 0 1  1 . 2 2 4 E - 0 1  1 . 1 2 2 E - 0 1  1 . 0 3 6 E - 0 1  
9 . 8 0 0 E - 0 1  6 . 5 3 3 E - 0 1  4 . 9 0 0 E - 0 1  3 . 9 2 0 E - 0 1  3 . 2 6 7 E - 0 1 2 . 8 0 0 E - 0 1 2 . 4 5 0 E - 0 1 2 . 1 7 8 E - 0 1
1 . 9 6 0 E - 0 1  1 . 7 8 2 E - 0 1  1 . 6 3 3 E - 0 1  1 . 5 0 8 E - 0 1  
1 . 35 9E+ 00  9 . 0 6 3 E - 01 6 . 7 9 7 E - 0 1  5 . 4 3 8 E - 0 1  4 . 5 3 2 E - 0 1 3 . 8 8 4 E - 0 1 3 . 3 9 9 E - 0 1 3 . 0 2 1 E - 0 1
2 . 7 1 9 E - 0 1  2 . 4 7 2 E - 0 1  2 . 2 6 6 E - 0 1  2 . 0 9 1 E - 0 1  
1 . 8 1 2 9 8  1 . 2 0 8 6 6  9 . 0 6 5 E - 0 1  7 . 2 5 2 E - 0 1  6 . 0 4 3 E - 0 1 5 . 1 8 0 E - 0 1 4 . 5 3 2 E - 0 1 4 . 0 2 9 E - 0 1
3 . 6 2 6 E - 0 1  3 . 2 9 6 E - 01 3 . 0 2 2 E - 0 1  2 . 7 8 9 E - 0 1  
2 . 3 3 9 9 8  1 . 5 5 9 9 9  1 . 1 6 9 9 9  9 . 3 6 0 E - 0 1  7 . 8 0 0 E - 0 1 6 . 6 8 6 E - 0 1 5 . 8 5 0 E - 0 1 5 . 2 0 0 E - 0 1
4 . 6 8 0 E - 0 1  4 . 2 5 5 E - 01 3 . 9 0 0 E - 0 1  3 . 6 0 0 E - 0 1  
♦ k v t a b l e  3 ♦♦  K v a l u e  t a b l e  f o r  C 1 1 - C 2 0  
4 . 7 7 9 E - 0 4  3 . 1 8 6 E - 0 4  2 . 3 9 0 E - 0 4  1 . 9 1 2 E - 0 4  1 . 5 9 3 E - 0 4 1 . 3 6 6 E - 0 4 1 . 1 9 5 E - 0 4 1 . 0 6 2 E - 0 4
9 . 5 5 9 E - 0 5  8 . 6 9 0 E - 0 5  7 . 9 6 6 E - 0 5  7 . 3 5 3 E - 0 5  
3 . 2 2 6 E - 0 3  2 . 1 5 1 E - 0 3  1 . 6 1 3 E - 0 3  1 . 2 9 1 E - 0 3  1 . 0 7 5 E - 0 3 9 . 2 1 9 E - 0 4 8 . 0 6 6 E - 04 7 . 1 7 0 E - 0 4
6 . 4 5 3 E - 0 4  5 . 8 6 6 E - 0 4  5 . 3 7 7 E - 0 4  4 . 9 6 4 E - 0 4  
1 . 3 1 8 E - 0 2  8 . 7 8 5 E - 0 3  6 . 5 8 9 E - 0 3  5 . 2 7 1 E - 0 3  4 . 3 9 3 E - 0 3 3 . 7 6 5 E - 0 3 3 . 2 9 4 E - 0 3 2 . 9 2 8 E - 0 3
2 . 6 3 6 E - 0 3  2 . 3 9 6 E - 0 3  2 . 1 9 6 E - 0 3  2 . 0 2 7 E - 0 3  
3 . 8 8 0 E - 0 2  2 . 5 8 7 E - 0 2  1 . 9 4 0 E - 0 2  1 . 5 5 2 E - 0 2  1 . 2 9 3 E - 0 2 1 . 1 0 9 E - 0 2 9 . 7 0 0 E - 0 3 8 . 6 2 2 E - 0 3
7 . 7 6 0 E - 0 3  7 . 0 5 4 E - 0 3  6 . 4 6 7 E - 0 3  5 . 9 6 9 E - 0 3  
9 . 1 2 2 E - 0 2  6 . 0 8 2 E - 0 2  4 . 5 6 1 E - 0 2  3 . 6 4 9 E - 0 2  3 . 0 4 1 E - 0 2 2 . 6 0 6 E - 0 2 2 . 2 8 1 E - 0 2 2 . 0 2 7 E - 0 2
1 . 8 2 4 E - 0 2  1 . 6 5 9 E - 0 2  1 . 5 2 0 E - 0 2  1 . 4 0 3 E - 0 2  
1 . 8 2 5 E - 0 1  1 . 2 1 7 E - 0 1  9 . 1 2 6 E - 0 2  7 . 3 0 1 E - 0 2  6 . 0 8 4 E - 0 2 5 . 2 1 5 E - 0 2 4 . 5 6 3 E - 0 2 4 . 0 5 6 E - 0 2
3 . 6 5 1 E - 0 2  3 . 3 1 9 E - 0 2  3 . 0 4 2 E - 0 2  2 . 8 0 8 E - 0 2  
3 . 2 4 1 E - 0 1  2 . 1 6 0 E - 0 1  1 . 6 2 0 E - 0 1  1 . 2 9 6 E - 0 1  1 . 0 8 0 E - 0 1 9 . 2 5 9 E - 0 2 8 . 1 0 1 E - 0 2 7 . 2 0 1 E - 0 2
6 . 4 8 1 E - 0 2  5 . 8 9 2 E - 0 2  5 . 4 0 1 E - 0 2  4 . 9 8 6 E - 0 2  
5 . 2 5 2 E - 0 1  3 . 5 0 2 E - 0 1  2 . 6 2 6 E - 0 1  2 . 1 0 1 E - 0 1  1 . 7 5 1 E - 0 1 1 . 5 0 1 E - 0 1 1 . 3 1 3 E - 0 1 1 . 1 6 7 E - 0 1
1 . 0 5 0 E - 0 1  9 . 5 5 0 E - 0 2  8 . 7 5 4 E - 0 2  8 . 0 8 0 E - 0 2  
0 . 7 9 2 9 1  5 . 2 8 6 E - 0 1  3 . 9 6 5 E - 0 1  3 . 1 7 2 E - 0 1  2 . 6 4 3 E - 0 1 2 . 2 6 5 E - 0 1 1 . 9 8 2 E - 0 1 1 . 7 6 2 E - 0 1
1 . 5 8 6 E - 0 1  1 . 4 4 2 E - 0 1  1 . 3 2 2 E - 0 1  1 . 2 2 0 E - 0 1  
1 . 1 3 1 3 6  0 . 7 5 4 2 4  0 . 5 6 5 6 8  0 . 4 5 2 5 5  3 . 7 7 1 E - 0 1 3 . 2 3 2 E - 0 1 2 . 8 2 8 E - 0 1 2 . 5 1 4 E - 0 1
2 . 2 6 3 E - 0 1  2 . 0 5 7 E - 0 1  1 . 8 8 6 E - 0 1  1 . 7 4 1 E - 0 1  
1 . 5 4 2 3 7  1 . 0 2 8 2 4  0 . 7 7 1 1 8  0 . 6 1 6 9 5  0 . 5 1 4 1 2 0 . 4 4 0 6 8 0 . 3 8 5 5 9 0 . 3 4 2 7 5
0 . 3 0 8 4 7  0 . 2 8 0 4 3  0 . 2 5 7 0 6  2 . 3 7 3 E - 0 1
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2 . 02 6 E + 0 0  1 . 3 5 0 4 1  1 . 0 1 2 8 1  0 . 8 1 0 2 5  0 . 6 7 5 2 1  0 . 5 7 8 7 5  0 . 5 0 6 4 0  0 . 4 5 0 1 4
0 . 4 0 5 1 2  0 . 3 6 8 2 9  0 . 3 3 7 6 0  0 . 3 1 1 6 3
2 . 579E+00 1 . 719E+00 1 . 2 90E+00  1 . 0 3 1 6 6  0 . 8 5 9 7 1  0 . 7 3 6 9 0  0 . 6 4 4 7 9  0 . 5 7 3 1 4
0 . 5 1 5 8 3  0 . 4 6 8 9 4  0 . 4 2 9 8 6  0 . 3 9 6 7 9
* k v t a b l e  4 ♦♦ K v a l u e  t a b l e  f o r  C6-10
1 . 0 9 6 0 E - 0 2  7 . 3 0 6 9 E - 0 3  5 . 4 8 0 2 E - 0 3  4 . 3 8 4 1 E - 0 3  3 . 6 5 3 4 E - 0 3  3 . 1 3 1 5 E - 0 3  2 . 7 4 0 1 E - 0 3  2 . 4 3 5 6 E - 0 3
2 . 1 9 2 1 E - 0 3  1 . 9 9 2 8 E - 0 3  1 . 8 2 6 7 E - 0 3  1 . 6 8 6 2 E - 0 3
0 . 0 4 9 2 7 2  0 . 0 3 2 8 4 8  0 . 0 2 4 6 3 6  0 . 0 1 9 7 0 9  0 . 0 1 6 4 2 4  0 . 0 1 4 0 7 8  0 . 0 1 2 3 1 8  0 . 0 1 0 9 4 9
0 . 0 0 9 8 5 4  0 . 0 0 8 9 5 9  0 . 0 0 8 2 1 2  0 . 0 0 7 5 8 0
0 . 1 4 9 1 3 9  0 . 0 9 9 4 2 6  0 . 0 7 4 5 7 0  0 . 0 5 9 6 5 6  0 . 0 4 9 7 1 3  0 . 0 4 2 6 1 1  0 . 0 3 7 2 8 5  0 . 0 3 3 1 4 2
0 . 0 2 9 8 2 8  0 . 0 2 7 1 1 6  0 . 0 2 4 8 5 7  0 . 0 2 2 9 4 5
0 . 3 4 8 9 2 0  0 . 2 3 2 6 1 3  0 . 1 7 4 4 6 0  0 . 1 3 9 5 6 8  0 . 1 1 6 3 0 7  0 . 0 9 9 6 9 1  0 . 0 8 7 2 3 0  0 . 0 7 7 5 3 8
0 . 0 6 9 7 8 4  0 . 0 6 3 4 4 0  0 . 0 5 8 1 5 3  0 . 0 5 3 6 8 0
0 . 6 8 3 8 4 4  0 . 4 5 5 8 9 6  0 . 3 4 1 9 2 2  0 . 2 7 3 5 3 8  0 . 2 2 7 9 4 8  0 . 1 9 5 3 8 4  0 . 1 7 0 9 6 1  0 . 1 5 1 9 6 5
0 . 1 3 6 7 6 9  0 . 1 2 4 3 3 5  0 . 1 1 3 9 7 4  0 . 1 0 5 2 0 7
1 . 1 8 0 4 5 8  0 . 7 8 6 9 7 2  0 . 5 9 0 2 2 9  0 . 4 7 2 1 8 3  0 . 3 9 3 4 8 6  0 . 3 3 7 2 7 4  0 . 2 9 5 1 1 4  0 . 2 6 2 3 2 4
0 . 2 3 6 0 9 2  0 . 2 1 4 6 2 9  0 . 1 9 6 7 4 3  0 . 1 8 1 6 0 9
1 . 8 5 4 7  1 . 2 3 6 4  0 . 9 2 7 3  0 . 7 4 1 9  0 . 6 1 8 2  0 . 5 2 9 9  0 . 4 6 3 7  0 . 4 1 2 1
0 . 3 7 0 9  0 . 3 3 7 2  0 . 3 0 9 1  0 . 2 8 5 3
2 . 7 1 2 3  1 . 8 0 8 2  1 . 3 5 6 1  1 . 0 8 4 9  0 . 9 0 4 1  0 . 7 7 4 9  0 . 6 7 8 1  0 . 6 0 2 7
0 . 5 4 2 5  0 . 4 9 3 1  0 . 4 5 2 0  0 . 4 1 7 3
3 . 7 5 0 9  2 . 5 0 0 6  1 . 8 7 5 4  1 . 5 0 0 3  1 . 2 5 0 3  1 . 0 7 1 7  0 . 9 3 7 7  0 . 8 3 3 5
0 . 7 5 0 2  0 . 6 8 2 0  0 . 6 2 5 1  0 . 5 7 7 1
4 . 9 6 1 8  3 . 3 0 7 9  2 . 4 8 0 9  1 . 9 8 4 7  1 . 6 5 3 9  1 . 4 1 7 7  1 . 2 4 0 4  1 . 1 0 2 6
0 . 9 9 2 4  0 . 9 0 2 1  0 . 8 2 7 0  0 . 7 6 3 4
6 . 3 3 2 4  4 . 2 2 1 6  3 . 1 6 6 2  2 . 5 3 3 0  2 . 1 1 0 8  1 . 8 0 9 3  1 . 5 8 3 1  1 . 4 0 7 2
1 . 2 6 6 5  1 . 1 5 1 3  1 . 0 5 5 4  0 . 9 7 4 2
7 . 8 4 7 6  5 . 2 3 1 7  3 . 9 2 3 8  3 . 1 3 9 0  2 . 6 1 5 9  2 . 2 4 2 2  1 . 9 6 1 9  1 . 7 4 3 9
1 . 5 6 9 5  1 . 4 2 6 8  1 . 3 0 7 9  1 . 2 0 7 3
9 . 4 9 1 1  6 . 3 2 7 4  4 . 7 4 5 5  3 . 7 9 6 4  3 . 1 6 3 7  2 . 7 1 1 7  2 . 3 7 2 8  2 . 1 0 9 1
1 . 8 9 8 2  1 . 7 2 5 7  1 . 5 8 1 8  1 . 4 6 0 2
♦ k v t a b l e  5 ♦♦ K v a l u e  t a b l e  f o r  C2-5
4 . 0 6 6 0 E - 0 1  2 . 7 1 0 7 E - 0 1  2 . 0 3 3 0 E - 0 1  1 . 6 2 6 4 E - 0 1  1 . 3 5 5 3 E - 0 1  1 . 1 6 1 7 E - 0 1  1 . 0 1 6 5 E - 0 1  9 . 0 3 5 5 E - 0 2
8 . 1 3 2 0 E - 0 2  7 . 3 9 2 7 E - 0 2  6 . 7 7 6 6 E - 0 2  6 . 2 5 5 4 E - 0 2
I . 0893E+00 7 . 2 6 2 1 E - 0 1  5 . 4 4 6 6 E - 0 1  4 . 3 5 7 3 E - 0 1  3 . 6 3 1 0 E - 0 1  3 . 1 1 2 3 E - 0 1  2 . 7 2 3 3 E - 0 1  2 . 4 2 0 7 E - 0 1
2 . 1 7 8 6 E - 0 1  1 . 9 8 0 6 E - 0 1  1 . 8 1 5 5 E - 0 1  1 . 6 7 5 9 E - 0 1
2 . 2 5 1 7  1 . 5 0 1 1  1 . 1 2 5 9  0 . 9 0 0 7  0 . 7 5 0 6  0 . 6 4 3 3  0 . 5 6 2 9  0 . 5 0 0 4
0 . 4 5 0 3  0 . 4 0 9 4  0 . 3 7 5 3  0 . 3 4 6 4
3 . 9 3 1 3  2 . 6 2 0 8  1 . 9 6 5 6  1 . 5 7 2 5  1 . 3 1 0 4  1 . 1 2 3 2  0 . 9 8 2 8  0 . 8 7 3 6
0 . 7 8 6 3  0 . 7 1 4 8  0 . 6 5 5 2  0 . 6 0 4 8
6 . 1 1 1 2  4 . 0 7 4 2  3 . 0 5 5 6  2 . 4 4 4 5  2 . 0 3 7 1  1 . 7 4 6 1  1 . 5 2 7 8  1 . 3 5 8 1
1 . 2 2 2 2  1 . 1 1 1 1  1 . 0 1 8 5  0 . 9 4 0 2
8 . 7 4 1 3  5 . 8 2 7 6  4 . 3 7 0 7  3 . 4 9 6 5  2 . 9 1 3 8  2 . 4 9 7 5  2 . 1 8 5 3  1 . 9 4 2 5
1 . 7 4 8 3  1 . 5 8 9 3  1 . 4 5 6 9  1 . 3 4 4 8
I I . 7 5 5 0  7 . 8 3 6 7  5 . 8 7 7 5  4 . 7 0 2 0  3 . 9 1 8 3  3 . 3 5 8 6  2 . 9 3 8 8  2 . 6 1 2 2
2 . 3 5 1 0  2 . 1 3 7 3  1 . 9 5 9 2  1 . 8 0 8 5
1 5 . 0 8 1 7  1 0 . 0 5 4 5  7 . 5 4 0 9  6 . 0 3 2 7  5 . 0 2 7 2  4 . 3 0 9 1  3 . 7 7 0 4  3 . 3 5 1 5
3 . 0 1 6 3  2 . 7 4 2 1  2 . 5 1 3 6  2 . 3 2 0 3
1 8 . 6 5 3 6  1 2 . 4 3 5 7  9 . 3 2 6 8  7 . 4 6 1 4  6 . 2 1 7 9  5 . 3 2 9 6  4 . 6 6 3 4  4 . 1 4 5 2
3 . 7 3 0 7  3 . 3 9 1 6  3 . 1 0 8 9  2 . 8 6 9 8
2 2 . 4 0 9 2  1 4 . 9 3 9 5  1 1 . 2 0 4 6  8 . 9 6 3 7  7 . 4 6 9 7  6 . 4 0 2 6  5 . 6 0 2 3  4 . 9 7 9 8
4 . 4 8 1 8  4 . 0 7 4 4  3 . 7 3 4 9  3 . 4 4 7 6
2 6 . 2 9 5 4  1 7 . 5 3 0 2  1 3 . 1 4 7 7  1 0 . 5 1 8 1  8 . 7 6 5 1  7 . 5 1 3 0  6 . 5 7 3 8  5 . 8 4 3 4
5 . 2 5 9 1  4 . 7 8 1 0  4 . 3 8 2 6  4 . 0 4 5 4
3 0 . 2 6 6 6  2 0 . 1 7 7 7  1 5 . 1 3 3 3  1 2 . 1 0 6 6  1 0 . 0 8 8 9  8 . 6 4 7 6  7 . 5 6 6 6  6 . 7 2 5 9
6 . 0 5 3 3  5 . 5 0 3 0  5 . 0 4 4 4  4 . 6 5 6 4
3 4 . 2 8 5 2  2 2 . 8 5 6 8  1 7 . 1 4 2 6  1 3 . 7 1 4 1  1 1 . 4 2 8 4  9 . 7 9 5 8  8 . 5 7 1 3  7 . 6 1 8 9
6 . 8 5 7 0  6 . 2 3 3 7  5 . 7 1 4 2  5 . 2 7 4 6
♦ k v t a b l e  6 ♦♦ K v a l u e  t a b l e  f o r  CH4
1 0 . 8 8 6 5  7 . 2 5 7 7  5 . 4 4 3 2  4 . 3 5 4 6  3 . 6 2 8 8  3 . 1 1 0 4  2 . 7 2 1 6  2 . 4 1 9 2
2 . 1 7 7 3  1 . 9 7 9 4  1 . 8 1 4 4  1 . 6 7 4 8
1 8 . 0 1 4 4  1 2 . 0 0 9 6  9 . 0 0 7 2  7 . 2 0 5 8  6 . 0 0 4 8  5 . 1 4 7 0  4 . 5 0 3 6  4 . 0 0 3 2
3 . 6 0 2 9  3 . 2 7 5 4  3 . 0 0 2 4  2 . 7 7 1 5
2 6 . 1 0 9 2  1 7 . 4 0 6 1  1 3 . 0 5 4 6  1 0 . 4 4 3 7  8 . 7 0 3 1  7 . 4 5 9 8  6 . 5 2 7 3  5 . 8 0 2 0
5 . 2 2 1 8  4 . 7 4 7 1  4 . 3 5 1 5  4 . 0 1 6 8
3 4 . 7 1 2 3  2 3 . 1 4 1 5  1 7 . 3 5 6 1  1 3 . 8 8 4 9  1 1 . 5 7 0 8  9 . 9 1 7 8  8 . 6 7 8 1  7 . 7 1 3 8
6 . 9 4 2 5  6 . 3 1 1 3  5 . 7 8 5 4  5 . 3 4 0 4
4 3 . 4 9 1 5  2 8 . 9 9 4 3  2 1 . 7 4 5 8  1 7 . 3 9 6 6  1 4 . 4 9 7 2  1 2 . 4 2 6 1  1 0 . 8 7 2 9  9 . 6 6 4 8
8 . 6 9 8 3  7 . 9 0 7 5  7 . 2 4 8 6  6 . 6 9 1 0
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5 2 . 2 2 1 6  3 4 . 8 1 4 4  2 6 . 1 1 0 8  2 0 . 8 8 8 6  1 7 . 4 0 7 2
1 0 . 4 4 4 3  9 . 4 9 4 8  8 . 7 0 3 6  8 . 0 3 4 1
6 0 . 7 5 7 3  4 0 . 5 0 4 9  3 0 . 3 7 8 6  2 4 . 3 0 2 9  2 0 . 2 5 2 4
1 2 . 1 5 1 5  1 1 . 0 4 6 8  1 0 . 1 2 6 2  9 . 3 4 7 3
6 9 . 0 0 9 7  4 6 . 0 0 6 5  3 4 . 5 0 4 9  2 7 . 6 0 3 9  2 3 . 0 0 3 2
1 3 . 8 0 1 9  1 2 . 5 4 7 2  1 1 . 5 0 1 6  1 0 . 6 1 6 9
7 6 . 9 2 8 6  5 1 . 2 8 5 8  3 8 . 4 6 4 3  3 0 . 7 7 1 5  2 5 . 6 4 2 9
1 5 . 3 8 5 7  1 3 . 9 8 7 0  1 2 . 8 2 1 4  1 1 . 8 3 5 2
8 4 . 4 8 9 6  5 6 . 3 2 6 4  4 2 . 2 4 4 8  3 3 . 7 9 5 8  2 8 . 1 6 3 2
1 6 . 8 9 7 9  1 5 . 3 6 1 7  1 4 . 0 8 1 6  1 2 . 9 9 8 4
9 1 . 6 8 5 0  6 1 . 1 2 3 4  4 5 . 8 4 2 5  3 6 . 6 7 4 0  3 0 . 5 6 1 7
1 8 . 3 3 7 0  1 6 . 6 7 0 0  1 5 . 2 8 0 8  1 4 . 1 0 5 4
9 8 . 5 1 8 3  6 5 . 6 7 8 9  4 9 . 2 5 9 2  3 9 . 4 0 7 3  3 2 . 8 3 9 4
1 9 . 7 0 3 7  1 7 . 9 1 2 4  1 6 . 4 1 9 7  1 5 . 1 5 6 7
1 0 4 . 9 9 9 7  6 9 . 9 9 9 8  5 2 . 4 9 9 9  4 1 . 9 9 9 9  3 4 . 9 9 9 9
2 0 . 9 9 9 9  1 9 . 0 9 0 9  1 7 . 5 0 0 0  1 6 . 1 5 3 8
♦ k v t a b l e  7 ♦♦ K v a l u e  t a b l e  f o r  C02
2 . 4 9 1 4  1 . 6 6 0 9  1 . 2 4 5 7  0 . 9 9 6 6  0 . 8 3 0 5
0 . 4 1 5 2  0 . 3 8 3 3
. 4125  2 . 7 3 0 0  2 . 2 7 5 0
1 . 1 3 7 5  1 . 0 5 0 0
0 . 4 9 8 3  0 . 4 5 3 0
6 . 8 2 4 9  4 . 5 5 0 0  3
1 . 3 6 5 0  1 . 2 4 0 9
1 4 . 3 4 1 1
2.
2 5 . 3 5 5 3  
5.
3 9 . 8 1 0 3
7.
5 7 . 4 0 5 7
7 . 1 7 0 59 . 5 6 0 7  
8682 2 . 6 0 7 5
1 6 . 9 0 3 5  
0711 4
2 6 . 5 4 0 2  
9621 7
3 8 . 2 7 0 5  
1 1 . 4 8 1 1  1 0 . 4 3 7 4  9
7 7 . 7 1 5 6  5 1 . 8 1 0 4  3 8 . 8 5 7 8
1 5 . 5 4 3 1  1 4 . 1 3 0 1
1 0 0 . 2 7 2 0  6 6 . 8 4 8 0
2 0 . 0 5 4 4  1 8 . 2 3 1 3
1 2 4 . 6 1 6 6  8 3 . 0 7 7 7
5 . 7 3 6 4  4 . 7 8 0 4
3902 2 . 2 0 6 3
1 0 . 1 4 2 1  8 . 4 5 1 8
2259 3 . 9 0 0 8
1 5 . 9 2 4 1  1 3 . 2 7 0 1
6351  6 . 1 2 4 7
2 2 . 9 6 2 3  1 9 . 1 3 5 2
5676 8 . 8 3 1 7
3 1 . 0 8 6 2  2 5 . 9 0 5 2
1 2 . 9 5 2 6  1 1 . 9 5 6 2
5 0 . 1 3 6 0  4 0 . 1 0 8 8  3 3 . 4 2 4 0
1 6 . 7 1 2 0  1 5 . 4 2 6 5
1 2 . 6 7 7 6  
6101  4
1 9 . 9 0 5 2  
2382 6
2 8 . 7 0 2 9
6 2 . 3 0 8 3 4 9 . 8 4 6 6 4 1 . 5 3 8 9
2 4 . 9 2 3 3 2 2 . 6 5 7 6 2 0 . 7 6 9 4 1 9 . 1 7 1 8
6 0 . 1 3 1 4 5 0 . 1 0 9 5
9 . 0 0 6 3
1567
1 5 0 . 3 2 8 4  1 0 0 . 2 1 8 9  7 5 . 1 6 4 2
3 0 . 0 6 5 7  2 7 . 3 3 2 4  2 5 . 0 5 4 7  2 3 . 1 2 7 4
1 7 7 . 0 3 6 2  1 1 8 . 0 2 4 1  8 8 . 5 1 8 1  7 0 . 8 1 4 5  5 9 . 0 1 2 1
3 5 . 4 0 7 2  3 2 . 1 8 8 4  2 9 . 5 0 6 0  2 7 . 2 3 6 3
2 0 4 . 4 2 1 4  1 3 6 . 2 8 0 9  1 0 2 . 2 1 0 7  8 1 . 7 6 8 5  6 8 . 1 4 0 5
4 0 . 8 8 4 3  3 7 . 1 6 7 5  3 4 . 0 7 0 2  3 1 . 4 4 9 4
2 3 2 . 2 1 6 1  1 5 4 . 8 1 0 7  1 1 6 . 1 0 8 0  9 2 . 8 8 6 4  7 7 . 4 0 5 4
4 6 . 4 4 3 2  4 2 . 2 2 1 1  3 8 . 7 0 2 7  3 5 . 7 2 5 6
♦ k v t a b l e  8 ♦♦ K v a l u e  t a b l e  f o r  N2
2 7 . 0 1 8 8  1 8 . 0 1 2 5  1 3 . 5 0 9 4  1 0 . 8 0 7 5
5 . 4 0 3 8  4 . 9 1 2 5  4 . 5 0 3 1  4.
3 8 . 0 4 8 3  2 5 . 3 6 5 5  1 9 . 0 2 4 1
7 . 6 0 9 7  6 . 9 1 7 9  6.
4 8 . 9 6 4 5  3 2 . 6 4 3 0  2 4 . 4 8 2 2
9 . 7 9 2 9  8 . 9 0 2 6
5 9 . 4 2 2 5  3 9 . 6 1 5 0  2 9 . 7 1 1 3
1 1 . 8 8 4 5  1 0 . 8 0 4 1  9.
3 4 . 6 3 1 9
1 1 . 5 4 4 0  1 0 . 6 5 6 0
7 8 . 4 3 4 0  5 2 . 2 8 9 3  3 9 . 2 1 7 0  3 1 . 3 7 3 6  2 6 . 1 4 4 7
1 5 . 6 8 6 8  1 4 . 2 6 0 7  1 3 . 0 7 2 3  1 2 . 0 6 6 8
8 6 . 9 3 4 5  5 7 . 9 5 6 3  4 3 . 4 6 7 2  3 4 . 7 7 3 8  2 8 . 9 7 8 2
1 7 . 3 8 6 9  1 5 . 8 0 6 3  1 4 . 4 8 9 1  1 3 . 3 7 4 5
6 9 . 2 6 3 8  4 6 . 1 7 5 9
1 3 . 8 5 2 8  1 2 . 5 9 3 4
1 5 . 2 1 9 3  
3414 5.
1 9 . 5 8 5 8  
8 . 1 6 0 7  7.
2 3 . 7 6 9 0  
9038 9,
2 7 . 7 0 5 5
1 2 . 6 8 2 8
8536
1 6 . 3 2 1 5
5330
1 9 . 8 0 7 5
1419
23 . 0 8 7 9
9 4 . 7 9 5 2 6 3 . 1 9 6 8 . 4 7 . 3 9 7 6 3 7 . 9 1 8 1 3 1 . 5 9 8 4
1 8 . 9 5 9 0 1 7 . 2 3 5 5 1 5 . 7 9 9 2 1 4 . 5 8 3 9
1 0 2 . 0 5 9 2 6 8 . 0 3 9 5 5 1 . 0 2 9 6 4 0 . 8 2 3 7 3 4 . 0 1 9 7
2 0 . 4 1 1 8 1 8 . 5 5 6 2 1 7 . 0 0 9 9 1 5 . 7 0 1 4
1 0 8 . 7 7 4 1 7 2 . 5 1 6 1 5 4 . 3 8 7 1 4 3 . 5 0 9 7 3 6 . 2 5 8 0
2 1 . 7 5 4 8 1 9 . 7 7 7 1 1 8 . 1 2 9 0 1 6 . 7 3 4 5
1 1 4 . 9 8 7 6 7 6 . 6 5 8 4 5 7 . 4 9 3 8 4 5 . 9 9 5 1 3 8 . 3 2 9 2
2 2 . 9 9 7 5 2 0 . 9 0 6 8 1 9 . 1 6 4 6 1 7 . 6 9 0 4
1 2 0 . 7 4 5 2 8 0 . 4 9 6 8 6 0 . 3 7 2 6 4 8 . 2 9 8 1 4 0 . 2 4 8 4
2 4 . 1 4 9 0 2 1 . 9 5 3 7 2 0 . 1 2 4 2 1 8 . 5 7 6 2
1 2 6 . 0 8 9 1 8 4 . 0 5 9 4 6 3 . 0 4 4 5 5 0 . 4 3 5 6 4 2 . 0 2 9 7
1 4 . 9 2 0 5  
1 7 . 3 5 9 2  
1 9 . 7 1 7 1  
2 1 . 9 7 9 6  
2 4 . 1 3 9 9  
2 6 . 1 9 5 7  
2 8 . 1 4 8 1  
2 9 . 9 9 9 9
0 . 7 1 1 8
I . 9 5 0 0  
4 . 0 9 7 5  
7 . 2 4 4 4
I I . 3 7 4 4  
1 6 . 4 0 1 6  
2 2 . 2 0 4 5  
2 8 . 6 4 9 1  
3 5 . 6 0 4 7  
4 2 . 9 5 1 0  
5 0 . 5 8 1 8  
5 8 . 4 0 6 1  
6 6 . 3 4 7 5
7 . 7 1 9 7
1 0 . 8 7 0 9
1 3 . 9 8 9 8
1 6 . 9 7 7 9
1 9 . 7 8 9 7
2 2 . 4 0 9 7
2 4 . 8 3 8 4
2 7 . 0 8 4 3
2 9 . 1 5 9 8
3 1 . 0 7 8 3
3 2 . 8 5 3 6
3 4 . 4 9 8 6
3 6 . 0 2 5 4
1 3 . 0 5 5 4  
1 5 . 1 8 9 3  
1 7 . 2 5 2 4  
1 9 . 2 3 2 2  
2 1 . 1 2 2 4  
2 2 . 9 2 1 3  
2 4 . 6 2 9 6  
2 6 . 2 4 9 9
0 . 6 2 2 9
1 . 7 0 6 2
3 . 5 8 5 3
6 . 3 3 8 8
9 . 9 5 2 6
1 4 . 3 5 1 4
1 9 . 4 2 8 9
2 5 . 0 6 8 0
3 1 . 1 5 4 1
3 7 . 5 8 2 1
4 4 . 2 5 9 0
5 1 . 1 0 5 3
5 8 . 0 5 4 0
6 . 7 5 4 7
9 . 5 1 2 1
1 2 . 2 4 1 1
1 4 . 8 5 5 6
1 7 . 3 1 6 0
1 9 . 6 0 8 5
2 1 . 7 3 3 6
2 3 . 6 9 8 8
2 5 . 5 1 4 8
2 7 . 1 9 3 5
2 8 . 7 4 6 9
3 0 . 1 8 6 3
3 1 . 5 2 2 3
2 5 . 2 1 7 8 2 2 . 9 2 5 3 2 1 . 0 1 4 8 1 9 . 3 9 8 3
11.6048
1 3 . 5 0 1 6
1 5 . 3 3 5 5
1 7 . 0 9 5 3
1 8 . 7 7 5 5
2 0 . 3 7 4 5
2 1 . 8 9 3 0
2 3 . 3 3 3 3
0 . 5 5 3 6
1 . 5 1 6 7
3 . 1 8 6 9
5 . 6 3 4 5
8 . 8 4 6 7
1 2 . 7 5 6 8
1 7 . 2 7 0 1
2 2 . 2 8 2 7
2 7 . 6 9 2 6
3 3 . 4 0 6 3
3 9 . 3 4 1 4
4 5 . 4 2 7 0
5 1 . 6 0 3 6
6 . 0 0 4 2
8 . 4 5 5 2
1 0 . 8 8 1 0
1 3 . 2 0 5 0
1 5 . 3 9 2 0
1 7 . 4 2 9 8
1 9 . 3 1 8 8
2 1 . 0 6 5 6
2 2 . 6 7 9 8
2 4 . 1 7 2 0
2 5 . 5 5 2 8
2 6 . 8 3 2 3
2 8 . 0 1 9 8
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♦♦ R e f e r e n c e  c o n d i t i o n s
♦ p r s r  1 4 . 7  * t emr 60 ♦ p s u r f  1 4 . 7  ♦ t s u r f  60 
♦♦ PRSR 6 0 0 . 0  ♦♦ r e f e r e n c e  p r e s s u r e .
♦♦ TEMR 1 7 5 . 0  ♦♦ r e f e r e n c e  t e m p e r a t u r e .
♦ ♦ PSURF 1 4 . 7  ♦♦ p r e s s u r e  a t  s u r f a c e .
♦♦ TSURF 6 2 . 3  ** t e m p e r a t u r e  a t  s u r f a c e ,  f o r  r e p o r t i n g  w e l l  r a t e s ,  e t c .
c o r r e s p o n d i n g  t o  t h e  d e n s i t y  
c o r r e s p o n d i n g  t o  t h e  d e n s i t y  
f o r  r e p o r t i n g  w e l l  r a t e s ,  e t c .
* r o c k f l u i d
ROCK-FLUID PROPERTIES
* s wt  ♦♦ W a t e r - o i l  
** S i w = S wi r  = 0 . 2 4  
♦♦ Kroiw = 0 . 4  
♦♦ Sw
r e l a t i v e  p e r m e a b i l i t i e s
Sorw = 0 . 3  Sor g = 0 . 1
Krwro = 0 . 1  Krgro = 0 . 2
Krw




0 . 2 4 0 0 . 4
0 . 2 8 1 8 1 8 0 . 0 0 0 2 4 9 0 . 3 3 0 5 7 9
0 . 3 2 3 6 3 6 0 . 0 0 1 4 1 0 . 2 6 7 7 6 9
0 . 3 6 5 4 5 5 0 . 0 0 3 8 8 4 0 . 2 1 1 5 7
0 . 4 0 7 2 7 3 0 . 0 0 7 9 7 4 0 . 1 6 1 9 8 3
0 . 4 4 9 0 9 1 0 . 0 1 3 9 3 0 . 1 1 9 0 0 8
0 . 4 9 0 9 0 9 0 . 0 2 1 9 7 3 0 . 0 8 2 6 4 5
0 . 5 3 2 7 2 7 0 . 0 3 2 3 0 5 0 . 0 5 2 8 9 3
0 . 5 7 4 5 4 5 0 . 0 4 5 1 0 7 0 . 0 2 9 7 5 2
0 . 6 1 6 3 6 4 0 . 0 6 0 5 5 1 0 . 0 1 3 2 2 3
0 . 6 5 8 1 8 2 0 . 0 7 8 7 9 9 0 . 0 0 3 3 0 6
0 . 7 0 . 1 0
♦♦ L i q u i d - g a s r e l a t i v e  p e r m e a b i l i t i e s
. Krg Krog
0 . 2 4 0 . 2 0
0 . 3 4 0 . 1 5 8 7 1 2 0
0 . 3 7 7 5 0 . 1 4 4 0 6 8 0 . 0 0 0 6 4 6
0 . 4 1 5 0 . 1 2 9 9 0 4 0 . 0 0 5 1 6 5
0 . 4 5 2 5 0 . 1 1 6 2 3 7 0 . 0 1 1 6 2 2
0 . 4 9 0 . 1 0 3 0 8 6 0 . 0 2 0 6 6 1
0 . 5 2 7 5 0 . 0 9 0 4 7 3 0 . 0 3 2 2 8 3
0 . 5 6 5 0 . 0 7 8 4 2 1 0 . 0 4 6 4 8 8
0 . 6 0 2 5 0 . 0 6 6 9 5 7 0 . 0 6 3 2 7 5
0 . 6 4 0 . 0 5 6 1 1 3 0 . 0 8 2 6 4 5
0 . 6 7 7 5 0 . 0 4 5 9 2 8 0 . 1 0 4 5 9 7
0 . 7 1 5 0 . 0 3 6 4 4 7 0 . 1 2 9 1 3 2
0 . 7 5 2 5 0 . 0 2 7 7 2 6 0 . 1 5 6 2 5
0 . 7 9 0 . 0 1 9 8 3 9 0 . 1 8 5 9 5
0 . 8 2 7 5 0 . 0 1 2 8 8 6 0 . 2 1 8 2 3 3
0 . 8 6 5 0 . 0 0 7 0 1 4 0 . 2 5 3 0 9 9
0 . 9 0 2 5 0 . 0 0 2 4 8 0 . 2 9 0 5 4 8
0 . 9 4 0. 0 . 3 3 0 5 7 9
1 0. 0 . 4
* *  = = = = =  
♦ i n i t i a l
INITIAL CONDITIONS
♦♦ A u t o m a t i c  s t a t i c  v e r t i c a l  e q u i l i b r i u m -  v e r t i c a l - o n  - r e f p r e s = 7 5  p s i  r e f e r e n c e  p r e s s u r e  
♦♦ p s t e p = 3  v e r t i c a l  e q u i l i b r i u m  i s  done  w i t h  3 t i m e s t e p s  w i t h  z e r o  s o u r c e s  and s i n k s . 
♦ v e r t i c a l  ♦on ♦ p s t e p  75 ♦ r e f p r e s  6440 ♦ r e f d e p t h  8205 ♦ r e f b l o c k  1 1 1
♦SW ♦con 0 . 4 5  
♦♦ ♦SO ♦con 0 . 5 5
♦temp ♦con 210.
♦♦ So by  d i f f e r e n c e ,  s i n c e  Sg = 0
♦♦ i n i t i a l  g a s  s a t u r a t i o n  i s  0 . 0 0
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** 1 2 3 4 5 6 7 8 9 10
** ' H20' ' C2 1+' ' C 1 0 - 2 0 ' ' C6 - 9 ' ' C 2 - 5 ' ' CH4' ' C 0 2 ' ' N2' ' 02 '  'CO'
** ♦ m o l e f r a c  ♦ g a s  ♦co n 4 ^ 0 . 0 0 . 0 0 0 1 0 . 9 9 9 9 0 . 0 0 . 0 0 . 0  0 . 0
** I n i t i a l  p e t r o l e u m  p h a s e f r a c t i o n a r e : C 2 1 + = 0 . 35875548 C l l - 2 0 = 0 . 3 7 3 6 0 9 0 6
*★ C6-10=0 . 1 9 2 9 3 2 9 2 : C l - 5 =0, . 0 74 7 02 5 5
** 1 2 3 4 5 6 7 8 9 10
** ' H20' ' C21 +' ' C 1 0 - 2 0 ' ' C 6- 9 ' ' C 2 - 5 ' ' CH4' ' C 0 2 ' '’ N2' ‘ 0 2 '  'CO'
** ♦MOLEFRAC ♦OIL ♦CON 0 . 0 . 0 0 0 6 9 8 . 6 1 9 8 8 4 . 37 9 41 9  . 00000 0 . 0 0 0 0 . 0 0 0 .000
♦ m o l e f r a c  ^ o i l  ♦co n 0 . 0 0 . 1 3 9 9 0 . 1 6 0 5 0 . 0 6 0 4 7 0 . 2 3 9 1 0 . 2 2 9 0 . 0 0 . 0
** ============== NUMERICAL control ======================
♦ n u m e r i c a l  ♦♦ A l l  t h e s e  can b e  d e f a u l t e d .  The d e f i n i t i o n s  
♦♦ h e r e  m at ch  t h e  p r e v i o u s  d a t a .
♦DTMAX 0 . 1  
♦♦ ♦DTMAX . 0 1  
♦♦ ♦DTMAX 0 . 2 5  
♦♦ ♦DTMAX 1 . 5
♦ m a x s t e p s  36500 ♦ n o r t h  10 ♦ n e wt o nc y c  29 ♦ i t e r m a x  120  
♦ u n r e l a x  -1  ♦ p i v o t  ♦on ♦ p v to sc ma x  15
♦norm p r e s s  280 s a t u r  0 . 3 9  temp 250  
♦ c o n v e r g e
♦ p r e s s  4 . 3 5  
♦ s a t u r  0 . 0 4 9  
♦temp 1 . 7  9 
♦y 0 . 0 9  
♦x 0 . 0 9  
♦w 0 . 0 9  
♦zo 0 . 0 4  
♦ zncg  0 . 0 4  
♦zaq 0 . 5  
♦ w e l l r e s  1 
♦ m a t b a l t o l  1
♦run
♦♦ ============== RECURRENT DATA ======================
♦♦ P r o j e c t  s t a r t s  on z e r o  t i m e  and d t w e l .  t h e  s t a r t i n g  t i m e  s t e p  s i z e  i s  0 . 1  d ay s  
t i m e  0 d t w e l l  . 0 0 0 1
RAD
0 . 2 4 9
GEOFAC WFRAC SKIN
1 . 0 0 . 0
WELL 1 'UPDIP INJECTOR'
**
GEOMETRY ♦K 0 . 3 7 5
INJECTOR mobwei ght  1
OPERATE MAX g a s  6 5 0 0 0 0 0 0 .  ♦♦ Maximum Gas I n j e c t i o n  Ra t e  15 - 4 . 5MMSCFD
OPERATE MAX bhp 6 8 0 0 .  ♦♦ Maximum I n j e c t i o n  BHPr essure  6900 - 6700  p s i
♦♦ OPERATE MAX bhp 6 9 0 0 .  ♦♦ Maximum I n j e c t i o n  BHPr essu re  6900  - 6700 p s i
♦♦ 1 2  3 4 5 6 7 8 9  10 11
♦♦ ' H20' ' C21+' ' C 1 0 - 2 0 ' ' C 6 - 9 '  ' C2 - 5 '  ' CH4' ' C02'  'N2'  ' 0 2 '  'CO' 'COKE1
INCOMP GAS 6* 0 .  0 0 . 7 9  0 . 2 1  0 . 0
♦♦ A i r  i n j e c t i o n  21% 02 & 79% 
TINJOV 250 ♦♦ I n j e c t i o n  Gas Te mp er at u re  300 oF
♦♦ g e o m e t r y  - 1 0  0 0 
PERF GEO 1 
♦♦ i  j
20 3 : 8
♦♦ Us e  t u b e - e n d  o p t i o n
k f f  i r  j r  kr
1
wi  = 0 . 0 0 7 0 8 2  ♦k ♦ h /  l n ( 0 . 5  ♦ r e
WELL 2 'DOWNDIP PRDCR'
★ *
GEOMETRY ♦K 0 . 3 7 5
PRODUCER 2 
OPERATE MAX l i q u i d  2300  
OPERATE MIN bhp 5500  
♦♦ OPERATE MIN bhp 5100  
MONITOR MAX wor 9 s h u t i n  
PERF ♦GEO 2
♦♦ i  j
4 4 : 7  ;
♦♦ o  o  o  o o
RAD GEOFAC WFRAC SKIN
0 . 2 4 9  1 . 0  0 . 0
♦♦ Maximum L i q u i d  R a t e  2000 - 1600  B/D 
♦♦ Minimum BHP 5500 - 5900  p s i  
♦♦ Minimum BHP 5500 - 5900 p s i  
♦♦ Maximum WOR=9:l o r  w a t e r - c u t  90%
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TIME 0 . 0 0 0 0 1
TIME 1 . 0
TIME 3 1 . 0
TIME 9 0 . 0
TIME 1 1 5 . 0
TIME 1 1 5 . 8 5
TIME 1 1 5 . 9
TIME 1 1 5 . 9 5
TIME 1 8 2 . 6 2 5
TIME 3 6 5 . 2 5
TIME 5 4 7 . 8 7 5
TIME 7 3 0 . 5 0
TIME 9 1 3 . 1 2 5
TIME 1 0 9 5 . 7 5
TIME 1 46 1 .
TIME 1 8 2 6 . 2 5
TIME 2 1 9 1 . 5
TIME 2 5 5 6 . 7 5
TIME 29 22 .
TIME 3 2 8 7 . 2 5
TIME 36 50  s t o p
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                           ---
♦♦ LIGHT OIL FIELD SCALE IN-SITU COMBUSTION - HORIZONTAL RESERVOIR.
♦♦ DOWNDIP HORIZONTAL RESERVOIR HP- UPDIP HORIZONTAL INJECTOR HI.
** =====------- ======-----------------    ISCHHPHI. DAT==------- ======================
-  - -  - -  - -  - -  - -  - -  - -  - -  - -  - -  - -  - -  - -  - -  - -  - -  - -  - -  - -  - -  - -  - -  - -  - -  - -  - -  - -  - -  - -  - -  - -  - -  - -  - -  - -  - -  - -  - -  - -  - -  - -
♦♦ T h i s  i s  t h e  STARS d a t a  s e t  f o r  F i e l d  S c a l e  Li ght / Me di um O i l  I n - S i t u  Combust i on  
** LIGHT/MEDIUM OIL - LIGHT OIL ISC PREDICTION CASE - MR = 1 . 2 7 3 5  ME.'
♦♦ DOWDIP HORIZONTAL PRODUCER - UPDIP HORIZONTAL INJECTOR.
** CLAIR TYPE CRUDE TYPE
♦♦ T h i s  i s  t h e  STARS d a t a  s e t  f o r  L i g h t  O i l  I n - S i t u  Co mbust ion  
♦♦ PREDICTION CASE - MR = 1 . 2 7 3 5  ME
♦♦ DOWDIP HORIZONTAL PRODUCER & UPDIP HORIZONTAL INJECTOR.
♦♦ LIGHT/MEDIUM OIL - CLAIR TYPE CRUDE 
♦♦ F e a t u r e s :
♦♦ 1) N i n e - p o i n t  d i s c r e t i z a t i o n  i n  t h e  a r e a l  p l a n e .
♦♦ 2) D i s t i n c t  p e r m e a b i l i t y  l a y e r i n g .
♦♦ 3) F i v e  h y d r o c a r b o n  c ompone nt s ,  11 p s e u d o - c o m p o n e n t s  i n  t o t a l
♦♦ 4)  A u t o m a t i c  i n i t i a l  v e r t i c a l  e q u i l i b r i u m  c a l c u l a t i o n .
♦♦ 5) M u l t i - l a y e r  w e l l  w i t h  a d d i t i o n a l  i n j e c t i o n  and p r o d u c t i o n
♦♦ o p e r a t i n g  c o n s t r a i n t s .
* *
♦♦ 6) Four c o m b u s t i o n  r e a c t i o n s :
♦♦ ( a)  c r a c k i n g  o f  l i g h t  o i l  t o  c o k e .
♦♦ (b)  g a s  b u r n i n g .
♦♦ ( c )  l i g h t  o i l  b u r n i n g .
♦♦ (d)  c o k e  b u r n i n g .
♦♦ Bu rn in g  p r o d u c e s  w a t e r  and C0+C02 m i x t u r e .
♦♦ 7)  Ch em ic a l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  MR = 1 . 2 7 3 5  ME
♦♦ 8) High i n i t i a l  p r e s s u r e  6440 p s i a .
♦♦ 9) S i m u l a t i o n  s t o p s  when p r o d u c i n g  end r e a c h e s  600 F.
♦♦ 10)  Sharp c h a n g e s  i n  o i l  v i s c o s i t y  o c c u r  a t  t h e  s t e a m  f r o n t
♦ ♦ ============== i n p u t / output control ======================
f i l e n a m e  o u t p u t  i n d e x - o u t  m a i n - r e s u l t s - o u t  ♦♦ Use  d e f a u l t  f i l e  names
* t i t l e l  'LIGHT OIL ISC PREDICTION CASE - MR = 1 . 2 7 3 5  ME. '
♦ T i t l e 2  'HORIZONTAL RESERVOIR. '
* t i t l e 3  'HORIZONTAL PRODUCER - HORIZONTAL INJECTOR. '
♦ i n u n i t  ♦ f i e l d  ♦♦ o u t p u t  same a s  i n p u t
♦o ut pr n ♦ g r i d  ♦ p r e s  ♦sw ♦ s o  ♦ s g  ♦temp ♦y ♦x *w ♦ s o l c o n c
♦ o b h l o s s  ♦ v i s o  
♦ o ut pr n ♦ w e l l  ♦ a l l
♦ w rs t  20 ♦wprn ^ g r i d  300 ♦wprn ♦ i t e r  300  
♦REWIND 1
♦♦ ♦RESTART 9140  
♦♦ INDEX-IN ' ISC_HPHI. IRF'
o u t s r f  g r i d  p r e s  s o  s g  temp
o u t s r f  s p e c i a l  m a t b a l  w e l l  2 ♦♦ C u m u l a t i v e  l i t e  o i l  p r od u ce d
m a t b a l  w e l l  3 ♦♦ C u m u l a t i v e  medm o i l  p r o d u ce d
m a t b a l  w e l l  4 ♦♦ C u m u l a t i v e  he v y  o i l  p r o d u ce d
o b h l o s s  ♦♦ C u m u l a t i v e  h e a t  l o s s
b l k v a r  s g  0 1 ♦♦ Te mpe rat ure  i n  b l o c k  ( 1 . 1 . 1 )
b l k v a r  s o  0 23 ♦♦ O i l  s a t u r a t i o n
b l k v a r  p r e s  0 23 ♦♦ P r e s s u r e
♦PARTCLMLWT 1 3 . 6  ♦♦ COKE (CH1.6)  MOLECULAR WEIGHT IS 1 3 . 6
♦♦ ============== GRID AND RESERVOIR DEFINITION
♦ g r i d  ♦ c a r t  22 9 5
♦ d i  ♦ i v a r  3 8 4 . 8  3 ^ 1 9 2 . 4 1  1 7 ^ 9 6 . 2 1  1 4 4 . 3 2  
♦dj ♦con 9 6 . 2 1
♦dk ♦kvar  3 5 . 7  3 5 . 2  3 4 . 8  3 4 . 5  3 4 . 6
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* d t o p  *c on 8200  
* p o r  *c on  0 . 1 9 2 6 4
* pe r mi  * kv a r  3 * 1 1 0 0 . 0  2 * 1 3 0 0 . 0  *permj * e q u a l s i  *permk * e q u a l s i  /  10
** *pe rmi  *kv ar  3 * 1 0 8 2 - 8 7 2  2 - 6 7 2 * 9 9 7 - 6 9 7 . 6 - 5 9 7  *permj * e q u a l s i  *permk * e q u a l s i  /  10
* c p o r  6 . 1 2 3 e - 5  *pr po r  10 00  * r o c k c p  3 5 . 6  
* t h c o n r  36 *t hconw 36 * t h c o n o  36 * t h c o n g  36 
♦ h l o s s p r o p  o v e r b u r  3 5 . 6  36 un de rb ur  3 5 . 6  36
** ============== FLUID DEFINITIONS ======================
** NORTH SEA LIGHT OIL (CLRPVT96.XLS)
♦model  11 10 8 ** Number o f  n o n c o n d e n s i b l e  g a s e s  i s  numy-numx = 2
** Number o f  s o l i d  c ompone nt s  i s  ncomp-numy = 1 
** N2 & C02 s o l u b l e  i n  t h e  l i q u i d  p e t r o l e u m  p h a s e  








’C21+'  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C2-5' ' CH4' ' C 0 2 ' N2 ' ' 0 21
5 3 9 . 3 7  2 0 9 . 7 2  1 0 2 . 0 6  4 6 . 9 3  1 6 . 0 4 3  4 4 . 0 1  2 8 . 0 1 3




2 8 . 0 1
5 0 7 . 5
'COKE'
♦ t c r i t  7 0 5 . 7  8 3 2 . 1 7  8 0 9 . 3 5  5 2 2 . 9 2  2 1 3 . 8 2  - 1 1 6 . 5 9  8 7 . 5 6  - 2 3 2 . 5 1  - 1 8 1 . 7 2  - 2 2 0 . 7 8
*a vg  0 3 . 9 2 6 e - 6  3 . 8 7 6 e - 6  3 . 1 5 6 e - 6  2 . 1 6 6 e - 6  2 . 1 2 7 e - 4  2 . 1 9 6 0 e - 4  2 . 1 9 6 0 e - 4  2 . 1 9 6 0 e - 4  2 . 1 9 6 0 e - 4
*bvg 0 1 . 1 0 2  1 . 0 5 6  1 . 0 0 5  0 . 9 4 3  0 . 7 2 1  0 . 7 2 1  0 . 7 2 1  0 . 7 0 2  0 . 7 0 2
♦compname 'H20'  'C21+'  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4'
**
’ C 0 2 '
* a v i s c
♦ b v i s c
' N2'
1 4 7 8 . 3 2  1 2 9 5 . 3 2  8 5 2 . 6 6  4 7 8 . 5 1 2 0 5 . 4 5 1 0 4 0 . 5 4 1 6 2 . 5 4
' 0 2 ' 'CO' 'COKE'
0 . 1 3 2 6 8 3  0 . 1 3 2 8 2 3  0 . 1 5 2 2 9 6  0 . 1 9 0 2 4 8  0 . 1 3 7 8 4 9  0 . 0 4 4 1 2 6  0 . 1 4 1 2 6 9
** *MOLDEN 0 . 0  8 . 4 6 9 E - 0 2  5 . 1 9 5 E - 0 1  2 . 1 1 5 E - 0 1  1 . 0 9 5 E - 0 1  8 . 9 8 E - 0 2  1 . 0 0 2 E - 0 1  8 . 5 5 3 E - 0 2
♦molden 0 0 . 0 4 8 1  0 . 1 3 0 9  0 . 2 0 0 0  0 . 2 0 2 4  0 . 4 0 2 4  0 . 6 6 2 3  0 . 6 9 4 4  **
*c p 0 3 . 9 e - 6  4 e - 6  4 . 5 e - 6  5 e - 6  6 . 5 e - 6  7 e - 6  7 . 5 e - 6
**cmpnm 'H20'  'C21+'  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4' 'C02'  'N2'  ' 0 2
* *  ____




1 . 4 e - 4  1 . 4 9 6 e - 4  1 . 9 5 8 e - 4  2 . 5 2 7 e - 4  2 . 6 4 9 e - 4  2 . 8 3 9 e - 4  2 . 8 3 9 e - 4
** CHEMICAL REACTION 1 
♦compname 'H20'  'C21+'
+ *   _ _ _ _
♦ s t o r e a c  0 1
♦ s t o p r o d  0 0
- C r a ck i n g :  C21+ -> CH4 + Coke
' C 1 0 - 2 0 '  ' C 6 - 9 ' ' C 2 - 5 '  ' CH4' ' C02'
0 0 0
0 0 0
** Ch em ic a l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  
♦ f r e q f a c  1 . 2 7 3 5 e 5  * e a c t  38000 * r e n t h  0
** * f r e q f a c  1 . 0 e 5  * e a c t  38000  * r e n t h  0
** * f r e q f a c  2 . 1 e 5  * e a c t  25000  * r e n t h  0
0 0
7 . 4 2 2 5 8  0
MR = 1 . 2 7 3 5  ME
** CHEMICAL REACTION 2 
♦compname 'H20'  'C21+'
★ ★   ______
♦ s t o r e a c  0 1
♦ s t o p r o d  0 0
- C r a c k i n g :  C21+ -> C2-C5 + Coke
' C 1 0 - 2 0 '  ' C 6 - 9 ' ' C 2- 5 '  ' CH4' 'C02'
** C h em ic a l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  
♦ f r e q f a c  0 . 8 9 1 e 5  * e a c t  3 9000  * r e n t h  0 
** * f r e q f a c  0 . 7 e 5  * e a c t  39000  * r e n t h  0 
** * f r e q f a c  2 . 1 e 5  * e a c t  25000  * r e n t h  0 
* *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
0 0 0
5 . 2 1 2 5 4  0 0
MR = 1 . 2 7 3 5  ME
** CHEMICAL REACTION 3 
♦compname 'H20'  'C21+'  
* *
♦ s t o r e a c  0 0
♦ s t o p r o d  0 0
- C r a ck i n g :  C10-C20 - > CH4 + Coke
' C 1 0 - 2 0 ' ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' 'C02'
1 0 0
0 0 0
** Ch em ic a l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  
♦ f r e q f a c  0 . 5 e 5  * e a c t  4 50 00  * r e n t h  0 
** * f r e q f a c  0 . 6 3 7 e 5  * e a c t  45000  * r e n t h  0 
** * f r e q f a c  2 . 0 e 5  * e a c t  2 7000  * r e n t h  0
0 0
3 . 3 5 4 0 6  0




' 0 2 '
0 2 '








2 1 . 6 7 3 6
'COKE'
1 1 . 4 7 4 4
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★ * ---------------------------------------------------------------------------------------------------------------------------------
♦♦ CHEMICAL REACTION 4 -  Heavy O i l  B u rn i n g:  C21+ + 02 -> H20 + CO + e n e r g y  
♦compname 'H20'  'C21+'  ' 0 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' 'C02'  'N2'  ' 0 2 '  'CO' 'COKE'
*★    •                  ____
♦ s t o r e a c  0 1 0  0 0 0  0 0  3 8 . 9 6 8 5  0 0
♦ s t o p r o d  3 9 . 5 8 7 1  0 0 0 0 0 0 0 0 3 8 . 5 1  0
♦♦ C h em i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  3 . 8 4 6 e l 0  ♦ e a c t  12400 ♦ r e n t h  1 0 2 9 3 . 9  
♦♦ ♦ f r e q f a c  3 . 8 4 6 e l 0  ♦ e a c t  13500 ♦ r e n t h  1 0 2 9 3 . 9
♦♦ ♦ f r e q f a c  3 . 0 2 0 e l 0  ♦ e a c t  13500  ♦ r e n t h  1 0 2 9 3 . 9
♦♦ ♦RTEMLOWR 7 9 0 . 0  
♦♦ ♦RTEMUPR 7 9 0 . 1
* * ---------------------------------------------------------------------------------------------------------------------------------
♦♦ CHEMICAL REACTION 5-  Medium O i l  B ur n i n g :  C10-C20 + 02 - > H20 + CO + e n e r g y
♦compname 'H20'  'C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' 'C02'  'N2'  ' 0 2 '  'CO' 'COKE'
★ *                     _ _ _ _ _
♦ s t o r e a c  0 0 1  0 0 0  0 0  1 5 . 3 5 8 1  0 0
♦ s t o p r o d  1 5 . 8 8 7 6  0 0  0 0 0  0 0 0  1 4 . 8 2 8 5  0
♦♦ C h em i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  3 . 8 4 6 e l 0  ♦ e a c t  14100 ♦ r e n t h  4 9 2 0 . 3  
♦♦ ♦ f r e q f a c  3 . 8 4 6 e l 0  ♦ e a c t  15500  ♦ r e n t h  4 9 2 0 . 3
♦♦ ♦ f r e q f a c  3 . 0 2 0 e l 0  ♦ e a c t  1 550 0 ♦ r e n t h  4 9 2 0 . 3
♦♦ ♦RTEMLOWR 7 9 0 . 0  
♦♦ ♦RTEMUPR 7 9 0 . 1
* * --------------------------------------------------------------------------------------------------------------------------------
♦♦ CHEMICAL REACTION 6-  L i g h t  O i l  Bu rn in g :  C6-C9 + 02 -> H20 + CO + e n e r g y
♦compname 'H20'  'C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' 'C02'  'N2'  ' 0 2 '  'CO' 'COKE'
* *                _
♦ s t o r e a c  0 0 0  1 0 0  0 0
♦ s t o p r o d  8 . 1 1 5 4 1  0 0 0 0 0 0 0
♦♦ C h em i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  3 . 8 4 6 e l 0  ♦ e a c t  14200 ♦ r e n t h  2 4 2 0 . 2  
♦♦ ♦ f r e q f a c  3 . 8 4 6 e l 0  ♦ e a c t  155 00  ♦ r e n t h  2 4 2 0 . 2
♦♦ ♦ f r e q f a c  3 . 0 2 0 e l 0  ♦ e a c t  15500 ♦ r e n t h  2 4 2 0 . 2
♦♦ ♦RTEMLOWR 7 9 0 . 0  
♦♦ ♦RTEMUPR 7 9 0 . 1
ir ie   _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _  _    _ _ _ _ _
♦♦ CHEMICAL REACTION 7 -  Hydrocarbon Gas Bu rn in g :  C2-C5 + 02 -> H20 + CO + e n e r g y
♦compname 'H20'  'C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' 'C02'  'N2'  ' 0 2 '  'CO' 'COKE'
★ *
♦ s t o r e a c  0 0 0  0 1 0  0 0  3 . 7 3 3 7 5  0 0
♦ s t o p r o d  4 . 2 6 8 2 1  0 0  0 0 0  0 0 0  3 . 1 9 9 2 9  0
♦♦ C h em i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  3 . 8 4 6 e l 0  ♦ e a c t  15000  ♦ r e n t h  1 4 6 3 . 4
♦♦ ♦ f r e q f a c  3 . 0 2 0 e l 0  ♦ e a c t  1 5000  ♦ r e n t h  1 4 6 3 . 4
♦♦ ♦RTEMLOWR 7 9 0 . 0
♦♦ ♦RTEMUPR 7 9 0 . 1
* * --------------------------------------------------------------------------------------------------------------------------------
♦♦ CHEMICAL REACTION 8-  Coke B ur ni ng:  Coke + 02 -> H20 + C02 + e n e r g y
♦compname 'H20'  'C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' 'C02'  'N2'  ' 0 2 '  'CO' 'COKE'
★ *     __
♦ s t o r e a c  0 0 0
♦ s t o p r o d  0 . 8  0 0
♦ f r e q f a c  3 . 0 e 5  ♦ e a c t  5500  
♦♦ ♦RTEMLOWR 7 9 0 . 0  
♦♦ ♦RTEMUPR 7 9 0 . 1  
★ ★ - - - - - - - - - - - - - - - - - - - - - - -
♦♦ CHEMICAL REACTION 9 - Gas b u r n i n g :  CH4 + 202 - > 2H20 + C02 + e n e r g y
♦compname 'H20'  'C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' 'C02'  'N2'  ' 0 2 '  'CO' 'COKE'
* *              _
♦ s t o r e a c  0 0 0 0 0 1 0
♦ s t o p r o d  2 0 0 0 0 0 0
♦♦ C h em i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  3 . 8 4 6 e l 0  ♦ e a c t  15000  ♦ r e n t h  1 4 6 3 . 4  
♦♦ ♦ f r e q f a c  3 . 0 2 0 e l 0  ♦ e a c t  59450  ♦ r e n t h  5 0 2 . 5 3 3  
♦♦ ♦RTEMLOWR 7 9 0 . 0  
♦♦ ♦RTEMUPR 7 9 0 . 1
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0 1 . 5  0 0
0 0 1 0
♦♦ R e a c t i o n  E n t h a l p y  BTU/ lbmol e
0 0 0 0 0 1 . 4  0 1
0 0 0  1 0 0 0 0  
♦ r e n t h  4 6 1 . 3
7 . 6 3 3 7 8  0 0
0 7 . 1 5 2 1 6  0
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♦♦ CHEMICAL REACTION 10 - Carbon Monoxi de  b u r n i n g :  CO + 0 . 5  02 -> C02 + e n e r g y  
♦compname 'H20'  'C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' ' C02'  'N2'  ' 0 2 '  'CO' 'COKE'
★ *                     _ _ _ _ _
♦ s t o r e a c  0 0 0 0 0 0 0 0 0 . 5 1 0
♦ s t o p r o d  0 0 0  0 0 0  1 0 0  0 0
♦♦ C h em i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  1 . 9 1 e 5  ♦ e a c t  3250 ♦ r e n t h  2 . 8 38 E5
♦♦ ♦ f r e q f a c  1 . 5 e 5  ♦ e a c t  3250 ♦ r e n t h  2 . 8 3 8 E 5
♦♦ ♦RTEMLOWR 7 9 0 . 0
♦♦ ♦RTEMUPR 7 9 0 . 1
* * _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
♦ s o l d e n  4 . 4
♦♦ P s eudoc om po ne nt  K v a l u e  t a b l e s  f o r  p r e s s u r e s  500 p s i  & 6500 p s i  100 F t o  1300  F b e  100 de g  
i n t e r v a l s
♦♦ ♦ k v t a b l i m  500 6500 100 1300
♦ k v t a b l i m  5 00 .  3250 1 0 0 .  1 3 00 .
♦♦ l o w / h i g h  p r e s s u r e ;  l o w / h i g h  t e m p e r a t u r e
♦ k v t a b l e  2 ♦♦ K v a l u e  t a b l e  f o r  C21+
2 . 6 7 5 E - 0 4  1 . 7 83E- 04  1 . 3 3 7 E - 0 4  1 . 0 7 0 E - 0 4  8 . 9 1 5 E - 0 5  7 . 6 4 2 E - 0 5  6 . 6 8 6 E - 0 5  5 . 9 4 3 E - 0 5
5 . 3 4 9 E - 0 5  4 . 8 6 3 E - 05 4 . 4 5 8 E - 0 5  4 . 1 1 5 E - 0 5
2 . 010 E- 03  1 . 3 4 0 E - 0 3  1 . 0 0 5 E - 0 3  8 . 0 4 1 E - 0 4  6 . 7 0 1 E - 0 4  5 . 7 4 3 E - 0 4  5 . 0 2 6 E - 0 4  4 . 4 6 7 E - 0 4
4 . 0 2 0 E - 0 4  3 . 655E-04  3 . 3 5 0 E - 0 4  3 . 0 9 3 E - 0 4
8 . 8 8 6 E - 0 3  5 . 9 2 4 E - 0 3  4 . 4 4 3 E - 0 3  3 . 5 5 4 E - 0 3  2 . 9 6 2 E - 0 3  2 . 5 3 9 E - 0 3  2 . 2 2 2 E - 0 3  1 . 9 7 5 E - 0 3
1 . 7 7 7 E - 0 3  1 . 6 1 6 E - 0 3  1 . 4 8 1 E - 0 3  1 . 3 6 7 E - 0 3
2 . 7 8 0 E - 0 2  1 . 8 5 3 E - 0 2  1 . 3 9 0 E - 0 2  1 . 1 1 2 E - 0 2  9 . 2 6 7 E - 0 3  7 . 9 4 3 E - 0 3  6 . 9 5 0 E - 0 3  6 . 1 7 8 E - 0 3
5 . 5 6 0 E - 0 3  5 . 0 5 5 E - 03 4 . 6 3 4 E - 0 3  4 . 2 7 7 E - 0 3
6 . 8 5 8 E - 0 2  4 . 5 7 2 E - 0 2  3 . 4 2 9 E - 0 2  2 . 7 4 3 E - 0 2  2 . 2 8 6 E - 0 2  1 . 9 6 0 E - 0 2  1 . 7 1 5 E - 0 2  1 . 5 2 4 E - 0 2
1 . 3 7 2 E - 0 2  1 . 24 7E- 02  1 . 1 4 3 E - 0 2  1 . 0 5 5 E - 0 2
1 . 4 2 7 E - 01 9 . 5 1 3 E - 02 7 . 1 3 5 E - 0 2  5 . 7 0 8 E - 0 2  4 . 7 5 6 E - 0 2  4 . 0 7 7 E - 0 2  3 . 5 6 7 E - 0 2  3 . 1 7 1 E - 0 2
2 . 8 5 4 E - 0 2  2 . 594E- 02  2 . 3 7 8 E - 0 2  2 . 1 9 5 E - 0 2
2 . 6 1 6E - 01  1 . 7 4 4 E - 0 1  1 . 3 0 8 E - 0 1  1 . 0 4 7 E - 0 1  8 . 7 2 1 E - 0 2  7 . 4 7 5 E - 0 2  6 . 5 4 1 E - 0 2  5 . 8 1 4 E - 0 2
5 . 2 3 3 E - 0 2  4 . 7 5 7 E - 0 2  4 . 3 6 1 E - 0 2  4 . 0 2 5 E - 0 2
4 . 3 5 7 E - 0 1  2 . 9 0 5 E- 0 1  2 . 1 7 9 E - 0 1  1 . 7 4 3 E - 0 1  1 . 4 5 2 E - 0 1  1 . 2 4 5 E - 0 1  1 . 0 8 9 E - 0 1  9 . 6 8 3 E - 0 2
8 . 7 1 5 E - 0 2  7 . 922 E-02  7 . 2 6 2 E - 0 2  6 . 7 0 4 E - 0 2
6 . 7 3 2 E - 0 1  4 . 4 8 8 E - 0 1  3 . 3 6 6 E - 0 1  2 . 6 9 3 E - 0 1  2 . 2 4 4 E - 0 1  1 . 9 2 3 E - 0 1  1 . 6 8 3 E - 0 1  1 . 4 9 6 E - 0 1
1 . 3 4 6 E - 0 1  1 . 2 2 4 E - 0 1  1 . 1 2 2 E - 0 1  1 . 0 3 6 E - 0 1
9 . 8 0 0 E - 0 1  6 . 5 3 3 E - 01 4 . 9 0 0 E - 0 1  3 . 9 2 0 E - 0 1  3 . 2 6 7 E - 0 1  2 . 8 0 0 E - 0 1  2 . 4 5 0 E - 0 1  2 . 1 7 8 E - 0 1
1 . 9 6 0 E - 0 1  1 . 78 2E- 01  1 . 6 3 3 E - 0 1  1 . 5 0 8 E - 0 1
1 . 359E+00 9 . 0 6 3 E - 0 1  6 . 7 9 7 E - 0 1  5 . 4 3 8 E - 0 1  4 . 5 3 2 E - 0 1  3 . 8 8 4 E - 0 1  3 . 3 9 9 E - 0 1  3 . 0 2 1 E - 0 1
2 . 7 1 9 E - 0 1  2 . 472 E- 0 1  2 . 2 6 6 E - 0 1  2 . 0 9 1 E - 0 1
1 . 8 1 2 9 8  1 . 2 0 8 6 6  9 . 0 6 5 E - 0 1  7 . 2 5 2 E - 0 1  6 . 0 4 3 E - 0 1  5 . 1 8 0 E - 0 1  4 . 5 3 2 E - 0 1  4 . 0 2 9 E - 0 1
3 . 6 2 6 E - 0 1  3 . 2 9 6 E - 0 1  3 . 0 2 2 E - 0 1  2 . 7 8 9 E - 0 1
2 . 3 3 9 9 8  1 . 5 5 9 9 9  1 . 1 6 9 9 9  9 . 3 6 0 E - 0 1  7 . 8 0 0 E - 0 1  6 . 6 8 6 E - 0 1  5 . 8 5 0 E - 0 1  5 . 2 0 0 E - 0 1
4 . 6 8 0 E - 0 1  4 . 255 E- 01  3 . 9 0 0 E - 0 1  3 . 6 0 0 E - 0 1
♦ k v t a b l e  3 ♦♦ K v a l u e  t a b l e  f o r  C11-C20
4 . 7 7 9 E - 0 4  3 . 1 8 6 E - 0 4  2 . 3 9 0 E - 0 4  1 . 9 1 2 E - 0 4  1 . 5 9 3 E - 0 4  1 . 3 6 6 E - 0 4  1 . 1 9 5 E - 0 4  1 . 0 6 2 E - 0 4
9 . 5 5 9 E - 0 5  8 . 6 9 0 E - 0 5  7 . 9 6 6 E - 0 5  7 . 3 5 3 E - 0 5
3 . 2 2 6 E - 0 3  2 . 1 5 1 E - 0 3  1 . 6 1 3 E - 0 3  1 . 2 9 1 E - 0 3  1 . 0 7 5 E - 0 3  9 . 2 1 9 E - 0 4  8 . 0 6 6 E - 0 4  7 . 1 7 0 E - 0 4
6 . 4 5 3 E - 0 4  5 . 8 6 6 E - 0 4  5 . 3 7 7 E - 0 4  4 . 9 6 4 E - 0 4
1 . 3 1 8 E - 0 2  8 . 7 8 5 E - 0 3  6 . 5 8 9 E - 0 3  5 . 2 7 1 E - 0 3  4 . 3 9 3 E - 0 3  3 . 7 6 5 E - 0 3  3 . 2 9 4 E - 0 3  2 . 9 2 8 E - 0 3
2 . 6 3 6 E - 0 3  2 . 3 9 6 E - 0 3  2 . 1 9 6 E - 0 3  2 . 0 2 7 E - 0 3
3 . 8 8 0 E - 0 2  2 . 5 8 7 E - 0 2  1 . 9 4 0 E - 0 2  1 . 5 5 2 E - 0 2  1 . 2 9 3 E - 0 2  1 . 1 0 9 E - 0 2  9 . 7 0 0 E - 0 3  8 . 6 2 2 E - 0 3
7 . 760 E-03  7 . 0 5 4 E - 03 6 . 4 6 7 E - 0 3  5 . 9 6 9 E - 0 3
9 . 1 2 2 E - 0 2  6 . 082 E- 0 2  4 . 5 6 1 E - 0 2  3 . 6 4 9 E - 0 2  3 . 0 4 1 E - 0 2  2 . 6 0 6 E - 0 2  2 . 2 8 1 E - 0 2  2 . 0 2 7 E - 0 2
1 . 8 2 4 E - 0 2  1 . 659E- 02  1 . 5 2 0 E - 0 2  1 . 4 0 3 E - 0 2
1 . 8 2 5 E - 0 1  1 . 2 1 7 E - 0 1  9 . 1 2 6 E - 0 2  7 . 3 0 1 E - 0 2  6 . 0 8 4 E - 0 2  5 . 2 1 5 E - 0 2  4 . 5 6 3 E - 0 2  4 . 0 5 6 E - 0 2
3 . 6 5 1 E - 0 2  3 . 3 1 9 E - 0 2  3 . 0 4 2 E - 0 2  2 . 8 0 8 E - 0 2
3 . 2 4 1 E - 0 1  2 . 1 6 0E -0 1  1 . 6 2 0 E - 0 1  1 . 2 9 6 E - 0 1  1 . 0 8 0 E - 0 1  9 . 2 5 9 E - 0 2  8 . 1 0 1 E - 0 2  7 . 2 0 1 E - 0 2
6 . 4 8 1 E - 0 2  5 . 8 92E- 02  5 . 4 0 1 E - 0 2  4 . 9 8 6 E - 0 2
5 . 2 5 2 E - 0 1  3 . 5 0 2 E- 0 1  2 . 6 2 6 E - 0 1  2 . 1 0 1 E - 0 1  1 . 7 5 1 E - 0 1  1 . 5 0 1 E - 0 1  1 . 3 1 3 E - 0 1  1 . 1 6 7 E - 0 1
1 . 0 5 0 E - 0 1  9 . 5 5 0 E - 0 2  8 . 7 5 4 E - 0 2  8 . 0 8 0 E - 0 2
0 . 7 9 2 9 1  5 . 2 8 6 E - 0 1  3 . 9 6 5 E - 0 1  3 . 1 7 2 E - 0 1  2 . 6 4 3 E - 0 1  2 . 2 6 5 E - 0 1  1 . 9 8 2 E - 0 1  1 . 7 6 2 E - 0 1
1 . 5 8 6 E - 0 1  1 . 4 4 2 E - 0 1  1 . 3 2 2 E - 0 1  1 . 2 2 0 E - 0 1
1 . 1 3 1 3 6  0 . 7 5 4 2 4  0 . 5 6 5 6 8  0 . 4 5 2 5 5  3 . 7 7 1 E - 0 1  3 . 2 3 2 E - 0 1  2 . 8 2 8 E - 0 1  2 . 5 1 4 E - 0 1
2 . 2 6 3 E - 0 1  2 . 0 5 7 E - 0 1  1 . 8 8 6 E - 0 1  1 . 7 4 1 E - 0 1
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1 . 5 4 2 3 7  1 . 0 2 8 2 4  0 . 7 7 1 1 8  0 . 6 1 6 9 5  0 . 5 1 4 1 2  0 . 4 4 0 6 8  0 . 3 8 5 5 9  0 . 3 4 2 7 5
0 . 3 0 8 4 7  0 . 2 8 0 4 3  0 . 2 5 7 0 6  2 . 3 7 3 E - 0 1
2 . 026E+00 1 . 3 5 0 4 1  1 . 0 1 2 8 1  0 . 8 1 0 2 5  0 . 6 7 5 2 1  0 . 5 7 8 7 5  0 . 5 0 6 4 0  0 . 4 5 0 1 4
0 . 4 0 5 1 2  0 . 3 6 8 2 9  0 . 3 3 7 6 0  0 . 3 1 1 6 3
2 . 579E+00 1 . 719E+00 1 .2 9 0E +0 0  1 . 0 3 1 6 6  0 . 8 5 9 7 1  0 . 7 3 6 9 0  0 . 6 4 4 7 9  0 . 5 7 3 1 4
0 . 5 1 5 8 3  0 . 4 6 8 9 4  0 . 4 2 9 8 6  0 . 3 9 6 7 9
♦ k v t a b l e  4 ♦♦ K v a l u e  t a b l e  f o r  C6-10
1 . 0 9 6 0 E - 0 2  7 . 3 0 6 9 E - 0 3  5 . 4 8 0 2 E - 0 3  4 . 3 8 4 1 E - 0 3  3 . 6 5 3 4 E - 0 3  3 . 1 3 1 5 E - 0 3  2 . 7 4 0 1 E - 0 3  2 . 4 3 5 6 E - 0 3
2 . 19 21 E- 0 3  1 . 9 9 2 8 E - 0 3  1 . 8 2 6 7 E - 0 3  1 . 6 8 6 2 E - 0 3
0 . 0 4 9 2 7 2  0 . 0 3 2 8 4 8  0 . 0 2 4 6 3 6  0 . 0 1 9 7 0 9  0 . 0 1 6 4 2 4  0 . 0 1 4 0 7 8  0 . 0 1 2 3 1 8  0 . 0 1 0 9 4 9
0 . 0 0 9 8 5 4  0 . 0 0 8 9 5 9  0 . 0 0 8 2 1 2  0 . 0 0 7 5 8 0
0 . 1 4 9 1 3 9  0 . 0 9 9 4 2 6  0 . 0 7 4 5 7 0  0 . 0 5 9 6 5 6  0 . 0 4 9 7 1 3  0 . 0 4 2 6 1 1  0 . 0 3 7 2 8 5  0 . 0 3 3 1 4 2
0 . 0 2 9 8 2 8  0 . 0 2 7 1 1 6  0 . 0 2 4 8 5 7  0 . 0 2 2 9 4 5
0 . 3 4 8 9 2 0  0 . 2 3 2 6 1 3  0 . 1 7 4 4 6 0  0 . 1 3 9 5 6 8  0 . 1 1 6 3 0 7  0 . 0 9 9 6 9 1  0 . 0 8 7 2 3 0  0 . 0 7 7 5 3 8
0 . 0 6 9 7 8 4  0 . 0 6 3 4 4 0  0 . 0 5 8 1 5 3  0 . 0 5 3 6 8 0
0 . 6 8 3 8 4 4  0 . 4 5 5 8 9 6  0 . 3 4 1 9 2 2  0 . 2 7 3 5 3 8  0 . 2 2 7 9 4 8  0 . 1 9 5 3 8 4  0 . 1 7 0 9 6 1  0 . 1 5 1 9 6 5
0 . 1 3 6 7 6 9  0 . 1 2 4 3 3 5  0 . 1 1 3 9 7 4  0 . 1 0 5 2 0 7  -
1 . 1 8 0 4 5 8  0 . 7 8 6 9 7 2  0 . 5 9 0 2 2 9  0 . 4 7 2 1 8 3  0 . 3 9 3 4 8 6  0 . 3 3 7 2 7 4  0 . 2 9 5 1 1 4  0 . 2 6 2 3 2 4
0 . 2 3 6 0 9 2  0 . 2 1 4 6 2 9  0 . 1 9 6 7 4 3  0 . 1 8 1 6 0 9
1 . 8 5 4 7  1 . 2 3 6 4  0 . 9 2 7 3  0 . 7 4 1 9  0 . 6 1 8 2  0 . 5 2 9 9  0 . 4 6 3 7  0 . 4 1 2 1
0 . 3 7 0 9  0 . 3 3 7 2  0 . 3 0 9 1  0 . 2 8 5 3
2 . 7 1 2 3  1 . 8 0 8 2  1 . 3 5 6 1  1 . 0 8 4 9  0 . 9 0 4 1  0 . 7 7 4 9  0 . 6 7 8 1  0 . 6 0 2 7
0 . 5 4 2 5  0 . 4 9 3 1  0 . 4 5 2 0  0 . 4 1 7 3
3 . 7 5 0 9  2 . 5 0 0 6  1 . 8 7 5 4  1 . 5 0 0 3  1 . 2 5 0 3  1 . 0 7 1 7  0 . 9 3 7 7  0 . 8 3 3 5
0 . 7 5 0 2  0 . 6 8 2 0  0 . 6 2 5 1  0 . 5 7 7 1
4 . 9 6 1 8  3 . 3 0 7 9  2 . 4 8 0 9  1 . 9 8 4 7  1 . 6 5 3 9  1 . 4 1 7 7  1 . 2 4 0 4  1 . 1 0 2 6
0 . 9 9 2 4  0 . 9 0 2 1  0 . 8 2 7 0  0 . 7 6 3 4
6 . 3 3 2 4  4 . 2 2 1 6  3 . 1 6 6 2  2 . 5 3 3 0  2 . 1 1 0 8  1 . 8 0 9 3  1 . 5 8 3 1  1 . 4 0 7 2
1 . 2 6 6 5  1 . 1 5 1 3  1 . 0 5 5 4  0 . 9 7 4 2
7 . 8 4 7 6  5 . 2 3 1 7  3 . 9 2 3 8  3 . 1 3 9 0  2 . 6 1 5 9  2 . 2 4 2 2  1 . 9 6 1 9  1 . 7 4 3 9
1 . 5 6 9 5  1 . 4 2 6 8  1 . 3 0 7 9  1 . 2 0 7 3
9 . 4 9 1 1  6 . 3 2 7 4  4 . 7 4 5 5  3 . 7 9 6 4  3 . 1 6 3 7  2 . 7 1 1 7  2 . 3 7 2 8  2 . l O ^ l
1 . 8 9 8 2  1 . 7 2 5 7  1 . 5 8 1 8  1 . 4 6 0 2
♦ k v t a b l e  5 ♦♦ K v a l u e  t a b l e  f o r  C2-5
4 . 0 6 6 0 E - 0 1  2 . 7 1 0 7 E - 0 1  2 . 0 3 3 0 E - 0 1  1 . 6 2 6 4 E - 0 1  1 . 3 5 5 3 E - 0 1  1 . 1 6 1 7 E - 0 1  1 . 0 1 6 5 E - 0 1  9 . 0 3 5 5 E - 0 2
8 . 1 32 0 E- 0 2  7 . 3 9 2 7 E - 02 6 . 7 7 6 6 E - 0 2  6 . 2 5 5 4 E - 0 2
I . 0893E+00 7 . 2 6 2 1 E - 01 5 . 4 4 6 6 E - 0 1  4 . 3 5 7 3 E - 0 1  3 . 6 3 1 0 E - 0 1  3 . 1 1 2 3 E - 0 1  2 . 7 2 3 3 E - 0 1  2 . 4 2 0 7 E - 0 1
2 . 1 7 8 6 E - 0 1  1 . 9 8 0 6 E - 0 1  1 . 8 1 5 5 E - 0 1  1 . 6 7 5 9 E - 0 1
2 . 2 5 1 7  1 . 5 0 1 1  1 . 1 2 5 9  0 . 9 0 0 7  0 . 7 5 0 6  0 . 6 4 3 3  0 . 5 6 2 9  0 . 5 0 0 4
0 . 4 5 0 3  0 . 4 0 9 4  0 . 3 7 5 3  0 . 3 4 6 4
3 . 9 3 1 3  2 . 6 2 0 8  1 . 9 6 5 6  1 . 5 7 2 5  1 . 3 1 0 4  1 . 1 2 3 2  0 . 9 8 2 8  0 . 8 7 3 6
0 . 7 8 6 3  0 . 7 1 4 8  0 . 6 5 5 2  0 . 6 0 4 8
6 . 1 1 1 2  4 . 0 7 4 2  3 . 0 5 5 6  2 . 4 4 4 5  2 . 0 3 7 1  1 . 7 4 6 1  1 . 5 2 7 8  1 . 3 5 8 1
1 . 2 2 2 2  1 . 1 1 1 1  1 . 0 1 8 5  0 . 9 4 0 2
8 . 7 4 1 3  5 . 8 2 7 6  4 . 3 7 0 7  3 . 4 9 6 5  2 . 9 1 3 8  2 . 4 9 7 5  2 . 1 8 5 3  1 . 9 4 2 5
1 . 7 4 8 3  1 . 5 8 9 3  1 . 4 5 6 9  1 . 3 4 4 8
I I . 7 5 5 0  7 . 8 3 6 7  5 . 8 7 7 5  4 . 7 0 2 0  3 . 9 1 8 3  3 . 3 5 8 6  2 . 9 3 8 8  2 . 6 1 2 2
2 . 3 5 1 0  2 . 1 3 7 3  1 . 9 5 9 2  1 . 8 0 8 5
1 5 . 0 8 1 7  1 0 . 0 5 4 5  7 . 5 4 0 9  6 . 0 3 2 7  5 . 0 2 7 2  4 . 3 0 9 1  3 . 7 7 0 4  3 . 3 5 1 5
3 . 0 1 6 3  2 . 7 4 2 1  2 . 5 1 3 6  2 . 3 2 0 3
1 8 . 6 5 3 6  1 2 . 4 3 5 7  9 . 3 2 6 8  7 . 4 6 1 4  6 . 2 1 7 9  5 . 3 2 9 6  4 . 6 6 3 4  4 . 1 4 5 2
3 . 7 3 0 7  3 . 3 9 1 6  3 . 1 0 8 9  2 . 8 6 9 8
2 2 . 4 0 9 2  1 4 . 9 3 9 5  1 1 . 2 0 4 6  8 . 9 6 3 7  7 . 4 6 9 7  6 . 4 0 2 6  5 . 6 0 2 3  4 . 9 7 9 8
4 . 4 8 1 8  4 . 0 7 4 4  3 . 7 3 4 9  3 . 4 4 7 6
2 6 . 2 9 5 4  1 7 . 5 3 0 2  1 3 . 1 4 7 7  1 0 . 5 1 8 1  8 . 7 6 5 1  7 . 5 1 3 0  6 . 5 7 3 8  5 . 8 4 3 4
5 . 2 5 9 1  4 . 7 8 1 0  4 . 3 8 2 6  4 . 0 4 5 4
3 0 . 2 6 6 6  2 0 . 1 7 7 7  1 5 . 1 3 3 3  1 2 . 1 0 6 6  1 0 . 0 8 8 9  8 . 6 4 7 6  7 . 5 6 6 6  6 . 7 2 5 9
6 . 0 5 3 3  5 . 5 0 3 0  5 . 0 4 4 4  4 . 6 5 6 4
3 4 . 2 8 5 2  2 2 . 8 5 6 8  1 7 . 1 4 2 6  1 3 . 7 1 4 1  1 1 . 4 2 8 4  9 . 7 9 5 8  8 . 5 7 1 3  7 . 6 1 8 9
6 . 8 5 7 0  6 . 2 3 3 7  5 . 7 1 4 2  5 . 2 7 4 6
♦ k v t a b l e  6 ♦♦ K v a l u e  t a b l e  f o r  CH4
1 0 . 8 8 6 5  7 . 2 5 7 7  5 . 4 4 3 2  4 . 3 5 4 6  3 . 6 2 8 8  3 . 1 1 0 4  2 . 7 2 1 6  2 . 4 1 9 2
2 . 1 7 7 3  1 . 9 7 9 4  1 . 8 1 4 4  1 . 6 7 4 8
1 8 . 0 1 4 4  1 2 . 0 0 9 6  9 . 0 0 7 2  7 . 2 0 5 8  6 . 0 0 4 8  5 . 1 4 7 0  4 . 5 0 3 6  4 . 0 0 3 2
3 . 6 0 2 9  3 . 2 7 5 4  3 . 0 0 2 4  2 . 7 7 1 5
2 6 . 1 0 9 2  1 7 . 4 0 6 1  1 3 . 0 5 4 6  1 0 . 4 4 3 7  8 . 7 0 3 1  7 . 4 5 9 8  6 . 5 2 7 3  5 . 8 0 2 0
5 . 2 2 1 8  4 . 7 4 7 1  4 . 3 5 1 5  4 . 0 1 6 8
3 4 . 7 1 2 3  2 3 . 1 4 1 5  1 7 . 3 5 6 1  1 3 . 8 8 4 9  1 1 . 5 7 0 8  9 . 9 1 7 8  8 . 6 7 8 1  7 . 7 1 3 8
6 . 9 4 2 5  6 . 3 1 1 3  5 . 7 8 5 4  5 . 3 4 0 4
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4 3 . 4 9 1 5  2 8 . 9 9 4 3  2 1 . 7 4 5 8  1 7 . 3 9 6 6  1 4 . 4 9 7 2
8 . 6 9 8 3  7 . 9 0 7 5  7 . 2 4 8 6  6 . 6 9 1 0
5 2 . 2 2 1 6  3 4 . 8 1 4 4  2 6 . 1 1 0 8  2 0 . 8 8 8 6  1 7 . 4 0 7 2
8 . 7 0 3 6 8 . 0 3 4 1
2 0 . 2 5 2 4
2 7 . 6 0 3 9  2 3 . 0 0 3 2
1 1 . 5 0 1 6  1 0 . 6 1 6 9
3 0 . 7 7 1 5  2 5 . 6 4 2 9
1 1 . 8 3 5 2
1 0 . 4 4 4 3  9 . 4 9 4 8
6 0 . 7 5 7 3  4 0 . 5 0 4 9  3 0 . 3 7 8 6  2 4 . 3 0 2 9
1 2 . 1 5 1 5  1 1 . 0 4 6 8  1 0 . 1 2 6 2  9 . 3 4 7 3
6 9 . 0 0 9 7  4 6 . 0 0 6 5  3 4 . 5 0 4 9
1 3 . 8 0 1 9  1 2 . 5 4 7 2
7 6 . 9 2 8 6  5 1 . 2 8 5 8  3 8 . 4 6 4 3
1 5 . 3 8 5 7  1 3 . 9 8 7 0  1 2 . 8 2 1 4
8 4 . 4 8 9 6  5 6 . 3 2 6 4  4 2 . 2 4 4 8  3 3 . 7 9 5 8  2 8 . 1 6 3 2
1 6 . 8 9 7 9  1 5 . 3 6 1 7  1 4 . 0 8 1 6  1 2 . 9 9 8 4
9 1 . 6 8 5 0  6 1 . 1 2 3 4  4 5 . 8 4 2 5  3 6 . 6 7 4 0  3 0 . 5 6 1 7
1 8 . 3 3 7 0  1 6 . 6 7 0 0  1 5 . 2 8 0 8  1 4 . 1 0 5 4
9 8 . 5 1 8 3  6 5 . 6 7 8 9  4 9 . 2 5 9 2  3 9 . 4 0 7 3  3 2 . 8 3 9 4
1 9 . 7 0 3 7  1 7 . 9 1 2 4  1 6 . 4 1 9 7  1 5 . 1 5 6 7
1 0 4 . 9 9 9 7  6 9 . 9 9 9 8  5 2 . 4 9 9 9  4 1 . 9 9 9 9  3 4 . 9 9 9 9
2 0 . 9 9 9 9  1 9 . 0 9 0 9  1 7 . 5 0 0 0  1 6 . 1 5 3 8
** K v a l u e  t a b l e  f o r  C02♦ k v t a b l e  7 
2 . 4 9 1 4  1 . 6 6 0 9  1 . 2 4 5 7
0 . 4 9 8 3  0 . 4 5 3 0
6 . 8 2 4 9  4 . 5 5 0 0  2
1 . 3 6 5 0  1 . 2 4 0 9
0 . 9 9 6 6 0 . 8 3 0 5
0 . 4 1 5 2 0 . 3 8 3 3
4125 2 . 7 3 0 0
1 . 1 3 7 5  1 . 0 5 0 0
2 . 2 7 5 0
1 4 . 3 4 1 1  
2.
2 5 . 3 5 5 3
5.
3 9 . 8 1 0 3  
7 .
57 .4057
9 . 5 6 0 7 7 . 1 7 0 5
8682 2 . 6 0 7 5
1 6 . 9 0 3 5
0711
2 6 . 5 4 0 2
9621
1 2 . 6 7 7 6  
6101  4
1 9 . 9 0 5 2  
2382  6
28 . 7029
5 . 7 3 6 4  4 . 7 8 0 4
, 3902 2 . 2 0 6 3
1 0 . 1 4 2 1  8 . 4 5 1 8
2259 3 . 9 0 0 8
1 5 . 9 2 4 1  1 3 . 2 7 0 1
6351  6 . 1 2 4 7
2 2 . 9 6 2 3  1 9 . 1 3 5 2
5676 8 . 8 3 1 7
3 1 . 0 8 6 2  2 5 . 9 0 5 2
3 8 . 2 7 0 5  
1 1 . 4 8 1 1  1 0 . 4 3 7 4  9.
7 7 . 7 1 5 6  5 1 . 8 1 0 4  3 8 . 8 5 7 8
1 5 . 5 4 3 1  1 4 . 1 3 0 1  1 2 . 9 5 2 6  1 1 . 9 5 6 2
1 0 0 . 2 7 2 0  6 6 . 8 4 8 0  5 0 . 1 3 6 0  4 0 . 1 0 8 8  3 3 . 4 2 4 0
2 0 . 0 5 4 4  1 8 . 2 3 1 3  1 6 . 7 1 2 0  1 5 . 4 2 6 5
1 2 4 . 6 1 6 6  8 3 . 0 7 7 7  6 2 . 3 0 8 3  4 9 . 8 4 6 6  4 1 . 5 3 8 9
2 4 . 9 2 3 3  2 2 . 6 5 7 6  2 0 . 7 6 9 4  1 9 . 1 7 1 8
1 5 0 . 3 2 8 4  1 0 0 . 2 1 8 9  7 5 . 1 6 4 2  6 0 . 1 3 1 4
3 0 . 0 6 5 7  2 7 . 3 3 2 4  2 5 . 0 5 4 7
5 0 . 1 0 9 5  
2 3 . 1 2 7 4
1 7 7 . 0 3 6 2 1 1 8 . 0 2 4 1 8 8 . 5 1 8 1 7 0 . 8 1 4 5 5 9 . 0 1 2 1
3 5 . 4 0 7 2 3 2 . 1 8 8 4 2 9 . 5 0 6 0 2 7 . 2 3 6 3
2 0 4 . 4 2 1 4 1 3 6 . 2 8 0 9 1 0 2 . 2 1 0 7 8 1 . 7 6 8 5 6 8 . 1 4 0 5
4 0 . 8 8 4 3 3 7 . 1 6 7 5 3 4 . 0 7 0 2 3 1 . 4 4 9 4
2 3 2 . 2 1 6 1  1 5 4 . 8 1 0 7  1 1 6 . 1 0 8 0
4 6 . 4 4 3 2  4 2 . 2 2 1 1  3 8 . 7 0 2 7
* k v t a b l e  8 ** K v a l u e  t a b l e  f o r  N2
9 2 . 8 8 6 4  7 7 . 4 0 5 4
3 5 . 7 2 5 6
2 7 . 0 1 8 8
5
3 8 . 0 4 8 3
7
4 8 . 9 6 4 5
9
5 9 . 4 2 2 5
1 8 . 0 1 2 5  
4038 4.
2 5 . 3 6 5 5  
6097 6.
3 2 . 6 4 3 0
1 3 . 5 0 9 4  1 0 . 8 0 7 5
9125 4 . 5 0 3 1  4.
1 9 . 0 2 4 1  1 5 . 2 1 9 3
9179 6 . 3 4 1 4  5.
2 4 . 4 8 2 2  1 9 . 5 8 5 8
7929 8 . 9 0 2 6
3 9 . 6 1 5 0
8 . 1 6 0 7  7.
2 3 . 7 6 9 0
9 . 0 0 6 3
1567
1 2 . 6 8 2 8
8536
1 6 . 3 2 1 5
5330
1 9 . 8 0 7 5
, 1419
2 3 . 0 8 7 9  
1 1 . 5 4 4 0  1 0 . 6 5 6 0
7 8 . 4 3 4 0  5 2 . 2 8 9 3  3 9 . 2 1 7 0  3 1 . 3 7 3 6  2 6 . 1 4 4 7
1 5 . 6 8 6 8  1 4 . 2 6 0 7  1 3 . 0 7 2 3  1 2 . 0 6 6 8
8 6 . 9 3 4 5  5 7 . 9 5 6 3  4 3 . 4 6 7 2  3 4 . 7 7 3 8  2 8 . 9 7 8 2
1 7 . 3 8 6 9  1 5 . 8 0 6 3  1 4 . 4 8 9 1  1 3 . 3 7 4 5
2 9 . 7 1 1 3
1 1 . 8 8 4 5  1 0 . 8 0 4 1  9 . 9 0 3 8  9,
6 9 . 2 6 3 8  4 6 . 1 7 5 9  3 4 . 6 3 1 9  2 7 . 7 0 5 5
1 3 . 8 5 2 8  1 2 . 5 9 3 4
9 4 . 7 9 5 2 6 3 . 1 9 6 8 4 7 . 3 9 7 6 3 7 . 9 1 8 1
1 8 . 9 5 9 0 1 7 . 2 3 5 5 1 5 . 7 9 9 2
1 0 2 . 0 5 9 2 6 8 . 0 3 9 5
3 1 . 5 9 8 4  
1 4 . 5 8 3 9
3 4 . 0 1 9 7  
1 5 . 7 0 1 4
3 6 . 2 5 8 0
5 1 . 0 2 9 6  4 0 . 8 2 3 7
2 0 . 4 1 1 8  1 8 . 5 5 6 2  1 7 . 0 0 9 9
1 0 8 . 7 7 4 1  7 2 . 5 1 6 1  5 4 . 3 8 7 1  4 3 . 5 0 9 7
2 1 . 7 5 4 8  1 9 . 7 7 7 1  1 8 . 1 2 9 0  1 6 . 7 3 4 5
1 1 4 . 9 8 7 6  7 6 . 6 5 8 4  5 7 . 4 9 3 8  4 5 . 9 9 5 1  3 8 . 3 2 9 2
2 2 . 9 9 7 5  2 0 . 9 0 6 8  1 9 . 1 6 4 6  1 7 . 6 9 0 4
1 2 0 . 7 4 5 2  8 0 . 4 9 6 8  6 0 . 3 7 2 6  4 8 . 2 9 8 1  4 0 . 2 4 8 4
2 4 . 1 4 9 0  2 1 . 9 5 3 7  2 0 . 1 2 4 2  1 8 . 5 7 6 2
1 2 . 4 2 6 1  
1 4 . 9 2 0 5  
1 7 . 3 5 9 2  
1 9 . 7 1 7 1  
2 1 . 9 7 9 6  
2 4 . 1 3 9 9  
2 6 . 1 9 5 7  
2 8 . 1 4 8 1  
2 9 . 9 9 9 9
0 . 7 1 1 8
I . 9 5 0 0  
4 . 0 9 7 5  
7 . 2 4 4 4
I I . 3 7 4 4  
1 6 . 4 0 1 6  
2 2 . 2 0 4 5  
2 8 . 6 4 9 1  
3 5 . 6 0 4 7  
4 2 . 9 5 1 0  
5 0 . 5 8 1 8  
5 8 . 4 0 6 1  
6 6 . 3 4 7 5
7 . 7 1 9 7
1 0 . 8 7 0 9
1 3 . 9 8 9 8
1 6 . 9 7 7 9
1 9 . 7 8 9 7
2 2 . 4 0 9 7
2 4 . 8 3 8 4
2 7 . 0 8 4 3
2 9 . 1 5 9 8
3 1 . 0 7 8 3
3 2 . 8 5 3 6
3 4 . 4 9 8 6
1 0 . 8 7 2 9  
1 3 . 0 5 5 4  
1 5 . 1 8 9 3  
1 7 . 2 5 2 4  
1 9 . 2 3 2 2  
2 1 . 1 2 2 4  
2 2 . 9 2 1 3  
2 4 . 6 2 9 6  
2 6 . 2 4 9 9
0 . 6 2 2 9
1 . 7 0 6 2
3 . 5 8 5 3
6 . 3 3 8 8
9 . 9 5 2 6
1 4 . 3 5 1 4
1 9 . 4 2 8 9
2 5 . 0 6 8 0
3 1 . 1 5 4 1
3 7 . 5 8 2 1
4 4 . 2 5 9 0
5 1 . 1 0 5 3
5 8 . 0 5 4 0
6 . 7 5 4 7
9 . 5 1 2 1
1 2 . 2 4 1 1
1 4 . 8 5 5 6
1 7 . 3 1 6 0
1 9 . 6 0 8 5
2 1 . 7 3 3 6
2 3 . 6 9 8 8
2 5 . 5 1 4 8
2 7 . 1 9 3 5
2 8 . 7 4 6 9
3 0 . 1 8 6 3
9 . 6 6 4 8
1 1 . 6 0 4 8
1 3 . 5 0 1 6
1 5 . 3 3 5 5
1 7 . 0 9 5 3
1 8 . 7 7 5 5
2 0 . 3 7 4 5
2 1 . 8 9 3 0
2 3 . 3 3 3 3
0 . 5 5 3 6
1 . 5 1 6 7
3 . 1 8 6 9
5 . 6 3 4 5
8 . 8 4 6 7
1 2 . 7 5 6 8
1 7 . 2 7 0 1
2 2 . 2 8 2 7
2 7 . 6 9 2 6
3 3 . 4 0 6 3
3 9 . 3 4 1 4
4 5 . 4 2 7 0
5 1 . 6 0 3 6
6 . 0 0 4 2
8 . 4 5 5 2
1 0 . 8 8 1 0
1 3 . 2 0 5 0
1 5 . 3 9 2 0
1 7 . 4 2 9 8
1 9 . 3 1 8 8
2 1 . 0 6 5 6
2 2 . 6 7 9 8
2 4 . 1 7 2 0
2 5 . 5 5 2 8
2 6 . 8 3 2 3
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1 2 6 . 0 8 9 1  8 4 . 0 5 9 4  6 3 . 0 4 4 5  5 0 . 4 3 5 6  4 2 . 0 2 9 7
2 5 . 2 1 7 8  2 2 . 9 2 5 3  2 1 . 0 1 4 8  1 9 . 3 9 8 3
3 6 . 0 2 5 4 3 1 . 5 2 2 3 2 8 . 0 1 9 8
♦♦ R e f e r e n c e  c o n d i t i o n s
* p r s r  1 4 . 7  * t emr 60 * p s u r f  1 4 . 7  * t s u r f  60 
♦♦ PRSR 6 0 0 . 0  ♦♦ r e f e r e n c e  p r e s s u r e .
♦♦ TEMR 1 7 5 . 0  ♦♦ r e f e r e n c e  t e m p e r a t u r e .
♦♦ PSURP 1 4 . 7  ♦♦ p r e s s u r e  a t  s u r f a c e .
c o r r e s p o n d i n g  t o  t h e  d e n s i t y  
c o r r e s p o n d i n g  t o  t h e  d e n s i t y  
f o r  r e p o r t i n g  w e l l  r a t e s ,  e t c .
♦♦ TSDRF 6 2 . 3  ** t e m p e r a t u r e  a t  s u r f a c e ,  f o r  r e p o r t i n g  w e l l  r a t e s ,  e t c .
*  *  = = = = = = =
* r o c k f l u i d
ROCK-FLUID PROPERTIES
♦ s wt  ♦♦ Water-*o i l  r e l a t i v e  p e r m e a b i l i t i e s
♦♦ S i w = Swi r  = 0 . 24  Sorw = 0 . 3 Sor g = 0 . 1  Sg c  = 1
♦♦ Kroiw = 0 . 4 Krwro = 0 . 1 Krgro = 0 . 2
♦♦ Sw Krw Krow
★ ★
0 . 2 4 0 0
0 . 2 8 1 8 1 8 0 . 0 0 0 2 4 9 0 . 3 3 0 5 7 9
0 . 3 2 3 6 3 6 0 . 0 0 1 4 1 0 . 2 6 7 7 6 9
0 . 3 6 5 4 5 5 0 . 0 0 3 8 8 4 0 . 2 1 1 5 7
0 . 4 0 7 2 7 3 0 . 0 0 7 9 7 4 0 . 1 6 1 9 8 3
0 . 4 4 9 0 9 1 0 . 0 1 3 9 3 0 . 1 1 9 0 0 8
0 . 4 9 0 9 0 9 0 . 0 2 1 9 7 3 0 . 0 8 2 6 4 5
0 . 5 3 2 7 2 7 0 . 0 3 2 3 0 5 0 . 0 5 2 8 9 3
0 . 5 7 4 5 4 5 0 . 0 4 5 1 0 7 0 . 0 2 9 7 5 2
0 . 6 1 6 3 6 4 0 . 0 6 0 5 5 1 0 . 0 1 3 2 2 3
0 . 6 5 8 1 8 2 0 . 0 7 8 7 9 9 0 . 0 0 3 3 0 6
0 . 7 0 . 1 0
♦ s i t  ♦♦ L i q u i d - g a s  r e l a t i v e  p e r m e a b i l i t i e s
♦♦SL Krg Krog
0 . 2 4 0 . 2 0
0 . 3 4 0 . 1 5 8 7 1 2 0
0 . 3 7 7 5 0 . 1 4 4 0 6 8 0 . 0 0 0 6 4 6
0 . 4 1 5 0 . 1 2 9 9 0 4 0 . 0 0 5 1 6 5
0 . 4 5 2 5 0 . 1 1 6 2 3 7 0 . 0 1 1 6 2 2
0 . 4 9 0 . 1 0 3 0 8 6 0 . 0 2 0 6 6 1
0 . 5 2 7 5 0 . 0 9 0 4 7 3 0 . 0 3 2 2 8 3
0 . 5 6 5 0 . 0 7 8 4 2 1 0 . 0 4 6 4 8 8
0 . 6 0 2 5 0 . 0 6 6 9 5 7 0 . 0 6 3 2 7 5
0 . 6 4 0 . 0 5 6 1 1 3 0 . 0 8 2 6 4 5
0 . 6 7 7 5 0 . 0 4 5 9 2 8 0 . 1 0 4 5 9 7
0 . 7 1 5 0 . 0 3 6 4 4 7 0 . 1 2 9 1 3 2
0 . 7 5 2 5 0 . 0 2 7 7 2 6 0 . 1 5 6 2 5
0 . 7 9 0 . 0 1 9 8 3 9 0 . 1 8 5 9 5
0 . 8 2 7 5 0 . 0 1 2 8 8 6 0 . 2 1 8 2 3 3
0 . 8 6 5 0 . 0 0 7 0 1 4 0 . 2 5 3 0 9 9
0 . 9 0 2 5 0 . 0 0 2 4 8 0 . 2 9 0 5 4 8
0 . 9 4 0 . 0 . 3 3 0 5 7 9
1 0 . 0 . 4
** = = = = = = = = = = = = = = = INITIAL CONDITIONS
♦ i n i t i a l
** A u t o m a t i c  s t a t i c  v e r t i c a l  e q u i l i b r i u m -  v e r t i c a l - o n  - r e f p r e s = 7 5  p s i  r e f e r e n c e  p r e s s u r e  
♦♦ p s t e p = 3  v e r t i c a l  e q u i l i b r i u m  i s  done  w i t h  3 t i m e s t e p s  w i t h  z e r o  s o u r c e s  and s i n k s ,  
♦ v e r t i c a l  #on ♦ p s t e p  75 ♦ r e f p r e s  6440 ♦ r e f d e p t h  8205  ♦ r e f b l o c k  1 1 1
♦SW ♦con 0 . 4 5  
♦♦ ♦SO ♦con 0 . 5 5
♦♦ So by d i f f e r e n c e ,  s i n c e  Sg = 0
♦♦ i n i t i a l  g a s  s a t u r a t i o n  i s  0 . 0 0
♦temp ♦con 210.
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** 1 2 3  4 5 6 7 8 9  10
** ' H20' 'C21+'  ' C 1 0 - 2 0 '  ' C 6 -9 '  ' C 2 - 5 '  ' CH4' ' C02'  'N2'  ' 0 2 '  'CO'
** * m o l e f r a c  * g a s  *con 4 * 0 . 0  0 . 0 0 0 1  0 . 9 9 9 9  0 . 0  0 . 0  0
0 . 0
** I n i t i a l  p e t r o l e u m  p h a s e  f r a c t i o n  a r e :C21 +=0 .35 87 5 54 8  C l l - 2 0 = 0 . 3 7 3 6 0 9 0 6
** C 6 - 1 0 = 0 . 1 9 2 9 3 2 9 2  C l - 5  = 0 . 0 7 4 7 0 2 5 5
** 1 2 3 4 5 6 7 8 9 10
*★ ' H20' 'C21+' ' C 1 0 - 2 0 ' ' C6 - 9 ' ' C 2 - 5 '  ' CH4' ' C 0 2 ' ' N2' ' 0 2 ' 'CO
♦ m o l e f r a c  * o i l  *con 0 . 0  0 . 1 3 9 9 0 . 1 6 0 5 0 . 0 6 0 4 7 0 . 2 3 9 1  0 . 2 2 9
Oo oo
** ============== NUMERICAL CONTROL =====================
♦ n u m e r i c a l  ** A l l  t h e s e  can be  d e f a u l t e d .  The d e f i n i t i o n s  
** h e r e  match t h e  p r e v i o u s  d a t a .
♦DTMAX 0 . 1  
** *DTMAX . 0 1  
** *DTMAX 0 . 2 5  
** *DTMAX 1 . 5
♦ m a x s t e p s  3 65 00  * n o r t h  10 * ne w t o n c y c  29 * i t e r m a x  120  
♦ u n r e l a x  - 1  * p i v o t  *on * pv to s cm ax  15
♦norm p r e s s  280 s a t u r  0 . 3 9  temp 250  
♦ c o n v e r g e
♦ p r e s s  4 . 3 5  
♦ s a t u r  0 . 0 4 9  
♦temp 1 . 7 9  
*y 0 . 0 9  
*x 0 . 0 9  
*w 0 . 0 9  
* z o  0 . 0 4  
♦ z n c g  0 . 0 4  
♦za q 0 . 5  
♦ w e l l r e s  1 
♦ m a t b a l t o l  1
♦run
** ============== RECURRENT DATA ======================
** P r o j e c t  s t a r t s  on z e r o  t i m e  and d t w e l .  t h e  s t a r t i n g  t i m e  s t e p  s i z e  i s  0 . 1  d a ys
t i m e  0 d t w e l 1 . 00 0 1
WELL 1 'UPDIP INJECTOR'
★ *
GEOMETRY *K 0 . 3 7 5
INJECTOR m obw ei g ht  1 
OPERATE MAX g a s  6 5 0 0 0 00 0 .  
OPERATE MAX bhp 6800.
** OPERATE MAX bhp 690 0.
* *  1 2  
* *  ' H20' ' C21+
INCOMP GAS 6 *0 .
TINJOV 250
** g e o m e t r y  - 1 0  0 0 
PERF GEO 1 
** i  j
20 3 : 8
RAD
0 . 2 4 9
3
GEOFAC WFRAC SKIN
1 . 0 0 . 0
** Maximum Gas I n j e c t i o n  Ra te  15 - 4 . 5MMSCFD
** Maximum I n j e c t i o n  BHPressure  6900  - 6700 p s i  
** Maximum I n j e c t i o n  BHPr essu re  6900 - 6700 p s i  
3 4 5 6 7 8 9  10 11
' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 -5 '  ' CH4' ' C02'  'N2'  ' 0 2 '  'CO' 'COKE'
0 0 . 7 9  0 . 2 1  0 . 0
** A i r  i n j e c t i o n  21% 02 & 79%
** I n j e c t i o n  Gas Te mp e ra t ur e  300 oF 
** Us e  t u b e - e n d  o p t i o n
k f f  
1
i r  j r  kr wi  = 0 . 0 0 7 0 8 2  *k * h /  l n ( 0 . 5  * r e
WELL ’DOWNDIP PRDCR'
*★
GEOMETRY *K 0 . 3 7 5
PRODUCER 2 
OPERATE MAX l i q u i d  2300  
OPERATE MIN bhp 5500  
** OPERATE MIN bhp 5100  
MONITOR MAX wor 9 s h u t i n  
PERF *GEO 2
** i  j
4 4 : 7  S
o  o  o  o o
RAD





** Maximum L i q u i d  Ra t e  2000  - 1600 B/D 
** Minimum BHP 5500 - 59 00  p s i  
** Minimum BHP 5500 - 5900  p s i  
** Maximum WOR=9:l o r  w a t e r - c u t  90%
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TIME 1 . 0
TIME 3 1 . 0
TIME 9 0 . 0
TIME 1 1 5 . 0
TIME 1 1 5 . 8 5
TIME 1 1 5 . 9
TIME 1 1 5 . 9 5
TIME 1 8 2 . 6 2 5
TIME 3 6 5 . 2 5
TIME 5 4 7 . 8 7 5
TIME 7 3 0 . 5 0
TIME 9 1 3 . 1 2 5
TIME 1 0 9 5 . 7 5
TIME 14 6 1.
TIME 1 8 2 6 . 2 5
TIME 2 1 9 1 . 5
TIME 2 5 5 6 . 7 5
TIME 29 22 .
TIME 3 2 8 7 . 2 5
TIME 3650 s t o p
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* * ------------------------------------------------------------------------------------------------------------------------------------------
** LIGHT OIL FIELD SCALE IN-SITU COMBUSTION- HIGH DIP ANDLE 12 D e g r e e s .
** DOWNDIP HORIZONTAL PRODUCER HP- UPDIP HORIZONTAL INJECTOR HI
** =====================ISCDHPHI. DAT==================
* * ------------------------------------------------------------------------------------------------------------------------------------------
** T h i s  i s  STARS d a t a  s e t  f o r  F i e l d  S c a l e  L i ght / Me di um O i l  I n - S i t u  Combust ion  
** PREDICTION CASE - MR = 1 . 2 7 3 5  ME
** DOWDIP HORIZONTAL PRODUCER & UPDIP HORIZONTAL INJECTOR.
** HIGH DIP ANDLE - CLAIR TYPE CRUDE TYPE
** F e a t u r e s :
** 1)  N i n e - p o i n t  d i s c r e t i z a t i o n  i n  t h e  a r e a l  p l a n e .
** 2)  D i s t i n c t  p e r m e a b i l i t y  l a y e r i n g .
** 3)  F i v e  h yd r o c a r b o n  c o m po ne nt s ,  11 p s e u d o - c o m p o n e n t s  i n  t o t a l
** 4)  A u t o m a t i c  i n i t i a l  v e r t i c a l  e q u i l i b r i u m  c a l c u l a t i o n .
** 5)  M u l t i - l a y e r  w e l l  w i t h  a d d i t i o n a l  i n j e c t i o n  and p r o d u c t i o n
** o p e r a t i n g  c o n s t r a i n t s .
** 6) Four c o m b u s t i o n  r e a c t i o n s :
** (a )  c r a c k i n g  o f  l i g h t  o i l  t o  c o k e .
** (b)  g a s  b u r n i n g .
** ( c )  l i g h t  o i l  b u r n i n g .
** (d)  c o k e  b u r n i n g .
** Bu rn in g  p r o d u c e s  w a t e r  and C0+C02 m i x t u r e .
** 7)  C h em i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  MR = 1 . 2 7 3 5  ME
** 8)  High i n i t i a l  p r e s s u r e  6440 p s i a .
** 9) S i m u l a t i o n  s t o p s  when p r o d u c i n g  end r e a c h e s  600 F.
** 10)  Sharp c h a n g e s  i n  o i l  v i s c o s i t y  o c c u r  a t  t h e  s t e a m f r o n t* *  -
** ============== INPUT/OUTPUT control ======================
f i l e n a m e  o u t p u t  i n d e x - o u t  m a i n - r e s u l t s - o u t  ** Us e  d e f a u l t  f i l e  names
* t i t l e l  'CLAIR OIL ISC PREDICTION CASE - 12 d e g . DIP ANGLE MR = 1 . 2 7 3 5  ME.'
* T i t l e 2  'DOWNDIP HORIZONTAL PRODUCER - '
* t i t l e 3  'UPDIP HORIZONTAL INJECTOR- PREDICTION CASE. '
* i n u n i t  * f i e l d  ** o u t p u t  same a s  i n p u t
* o u t p r n  * g r i d  * p r e s  *sw * s o  * s g  *temp *y *x *w * s o l c o n c
* o b h l o s s  * v i s o  
* o u t p r n  * w e l l  * a l l
* w r s t  20 *wprn * g r i d  300 *wprn * i t e r  300  
* REWIND 1
** *RESTART 9140  
** INDEXIN ' ISC_HPHI. IRF'
o u t s r f  g r i d  p r e s  s o  s g  temp
o u t s r f  s p e c i a l  m a t b a l  w e l l  2 ** C u m u l a t i v e  l i t e  o i l  p r od u ce d
m a t b a l w e l l 3 ** C u m u l a t i v e  medm o i l  pr o du ce d
m a t b a l w e l l 4 ** C u m u l a t i v e  he vy o i l  pr o du ce d
o b h l o s s ** C u m u l a t i v e  h e a t l o s s
b l k v a r s g  0 1 ** Te mpe ra tu re  i n  b l o c k  ( 1 . 1 . 1 )
b l k v a r s o  0 23 ★ ★ O i l  s a t u r a t i o n
b l k v a r p r e s 0 23 ** P r e s s u r e
*PARTCLMLWT 1 3 . 6  ** COKE ( CH I. 6) MOLECULAR WEIGHT IS 1 3 . 6
** ============== GRID AND RESERVOIR DEFINITION =================
** DIP ANGLE 12 DEGREES 
* g r i d  * c a r t  22 9 5
* d i  * i v a r  3 8 4 . 8  3 * 1 9 2 . 4 1  1 7 * 9 6 . 2 1  1 4 4 . 3 2  
*dj  *con 9 6 . 2 1
*dk * k v ar  3 5 . 7  3 5 . 2  3 4 . 8  3 4 . 5  3 4 . 6  
* dt o p  * i v a r
** 8910 8877 8843 8809 8775 8741  8707 8674 8640 8606 8572  8538 ** Di p A n g l e  15 o
** 8505 8471 8437 8403 8369 8335 8302 8268 8234 8200
** KLISIS 12 o
8771  8744 8716 8689 8662 8608 8581  858 1 8553 8526 8499 8472  
8445 8417 8390 8363 8336 8309 8282 8254 8227 8200  
** 8620 8600 8580 8560 8540 8520 8500 8480 8460 8440  8420 8400 ** KLISIS 8 . 8  o
** 8380 8360 8340 8320 8300 8280 8260 8240  8220 8200
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*por  *con 0 . 1 9 2 6 4
*permi  *kv ar  3 * 1 1 0 0 . 0  2 * 1 3 0 0 . 0  *permj * e q u a l s i  *permk * e q u a l s i  /  10
** *permi  *kv ar  3 * 1 0 8 2 - 8 7 2  2 - 6 7 2 * 9 9 7 - 6 9 7 . 6 - 5 9 7  *permj * e q u a l s i  *permk * e q u a l s i  /  10
* c po r  6 . 1 2 3 e - 5  * p r po r  1000  * r o c k c p  3 5 . 6  
* t h c o n r  36 * t hc onw 36 * t h c o n o  36 * t h c o n g  36 
* h l o s s p r o p  o v e r b u r  3 5 . 6  36 unde rb ur  3 5 . 6  36
**  ===== FLUID d e f i n i t i o n s   -----  =====
** CLAIR MEDIUM OIL (CLRPVT96.XLS)
*model  11 10 8 ** Number o f  n o n c o n d e n s i b l e  g a s e s  i s  numy-numx = 2
** Number o f  s o l i d  component s  i s  ncomp-numy = 1 
** N2 & C02 s o l u b l e  i n  t h e  l i q u i d  p e t r o l e u m  p h a s e  
** 02  & CO o n l y  t h e  g a s  p h a s e  i n s o l u b l e  i n  t h e  l i q u i d  p e t r o l e u m  p h a s e
*compname 'H20'  'C21+'  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4' ' C02'  'N2'  ' 0 2 '  'CO' 'COKE'
**                    ______
*cmm 18 5 3 9 . 3 7  2 0 9 . 7 2  1 0 2 . 0 6  4 6 . 9 3  1 6 . 0 4 3  4 4 . 0 1  2 8 . 0 1 3  32 2 8 . 0 1
* p c r i t  3155 2 5 2 . 4 4  2 7 3 . 6 8  3 9 1 . 3 1  6 0 9 . 9 3  6 6 7 . 2  1 0 7 1 . 0  4 9 2 . 3 1  730 5 0 7 . 5
* t c r i t  7 0 5 . 7  8 3 2 . 1 7  8 0 9 . 3 5  5 2 2 . 9 2  2 1 3 . 8 2  - 1 1 6 . 5 9  8 7 . 5 6  - 2 3 2 . 5 1  - 1 8 1 . 7 2  - 2 2 0 . 7 8
*avg 0 3 . 9 2 6 e - 6  3 . 8 7 6 e - 6  3 . 1 5 6 e - 6  2 . 1 6 6 e - 6  2 . 1 2 7 e - 4  2 . 1 9 6 0 e - 4  2 . 1 9 6 0 e - 4  2 . 1 9 6 0 e - 4  2 . 1 9 6 0 e - 4
*bvg 0 1 . 1 0 2  1 . 0 5 6  1 . 0 0 5  0 . 9 4 3  0 . 7 2 1  0 . 7 2 1  0 . 7 2 1  0 . 7 0 2  0 . 7 0 2
*compname 'H20'  'C21+'  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4' 'C02'  'N2'  ' 0 2 '  'CO' 'COKE'
★ *               _ _ _ _
* a v i s c  0 0 . 1 3 2 6 8 3  0 . 1 3 2 8 2 3  0 . 1 5 2 2 9 6  0 . 1 9 0 2 4 8  0 . 1 3 7 8 4 9  0 . 0 4 4 1 2 6  0 . 1 4 1 2 6 9
* b v i s c  0 1 4 7 8 . 3 2  1 2 9 5 . 3 2  8 5 2 . 6 6  4 7 8 . 5 1  2 0 5 . 4 5  1 0 4 0 . 5 4  1 6 2 . 5 4
*molden 0 0 . 0 4 8 1  0 . 1 3 0 9  0 . 2 0 0 0  0 . 2 0 2 4  0 . 4 0 2 4  0 . 6 6 2 3  0 . 6 9 4 4  ** LBMOLE/FT3
*cp 0 3 . 9 e - 6  4 e - 6  4 . 5 e - 6  5 e - 6  6 . 5 e - 6  7 e - 6  7 . 5 e - 6
**cmpnm 'H20'  'C21+'  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4' ' C02'  'N2'  ' 0 2 '  'CO' 'COKE'
* c t 1 0 1 . 4 e - 4  1 . 4 9 6 e - 4  1 . 9 5 8 e - 4  2 . 5 2 7 e - 4  2 . 6 4 9 e - 4  2 . 8 3 9 e - 4  2 . 8 3 9 e - 4
*•* ______________________________________________________________________________
** CHEMICAL REACTION 1 - C r a ck i n g:  C21+ -> CH4 + Coke
*compname 'H20'  ' C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' ' C02'  'N2'
* *
* s t o r e a c  0 1 0  0 0 0  0 0
* s t o p r o d  0 0 0 0 0 7 . 4 2 2 5 8  0 0
** Ch emi ca l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  MR = 1 . 2 7 3 5  ME
* f r e q f a c  1 . 2 7 3 5 e 5  * e a c t  38000 * r e n t h  0
** * f r e q f a c  1 . 0 e 5  * e a c t  38000 * r e n t h  0
** * f r e q f a c  2 . I e 5  * e a c t  25000 * r e n t h  0
★ + - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
** CHEMICAL REACTION 2 - C r a ck i n g:  C21+ -> C2-C5 + Coke
*compname 'H20'  ' C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' ' C02'  'N2'
* *      ___
* s t o r e a c  0 1 0  0 0 0  0 0
* s t o p r o d  0 0 0 0 5 . 2 1 2 5 4  0 0 0
** Ch emi ca l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  MR = 1 . 2 7 3 5  ME
* f r e q f a c  0 . 8 9 1 e 5  * e a c t  39000  * r e n t h  0 
** * f r e q f a c  0 . 7 e 5  * e a c t  39000 * r e n t h  0
** * f r e q f a c  2 . 1 e 5  * e a c t  25000 * r e n t h  0
* *  --- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -
** CHEMICAL REACTION 3 - C r a ck i n g:  C10-C20 - > CH4 + Coke
*compname 'H20'  'C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' ' C02'  'N2'
★ *
* s t o r e a c  0 0 1  0 0 0  0 0
* s t o p r o d  0 0 0 0 0 3 . 3 5 4 0 6  0 0
** Ch emi ca l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  MR = 1 . 2 7 3 5  ME
* f r e q f a c  0 . 5 e 5  * e a c t  45 00 0  * r e n t h  0
** * f r e q f a c  0 . 6 3 7 e 5  * e a c t  45000 * r e n t h  0
** * f r e q f a c  2 . 0e5 * e a c t  27000 * r e n t h  0
* * -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
** CHEMICAL REACTION 4 -  Heavy O i l  B ur ni ng :  C21+ + 02 - >  H20 + CO + e n e r g y
*compname 'H20'  'C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' ' C02'  'N2'  ' 0 2 '  'CO' 'COKE'
* *                      ____
* s t o r e a c  0 1 0  0 0 0  0 0  3 8 . 9 6 8 5  0 0
* s t o p r o d  3 9 . 5 8 7 1  0 0 0 0 0  0 0 0 3 8 . 5 1  0
' 0 2 '  'CO' 'COKE'
0 0 0
0 0 3 0 . 9 2 7 4
' 0 2 ' 'CO' ' COKE'
0 0 0
0 0 2 1 . 6 7 3 6
' 0 2 ' 'CO' ' COKE'
0 0 0
0 0 1 1 . 4 7 4 4
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* *  C h em i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  MR = 1 . 2 7 3 5  ME
* f r e q f a c  3 . 8 4 6 e l 0  * e a c t  12400 * r e n t h  1 0 2 9 3 . 9  
★★ * f r e q f a c  3 . 8 4 6 e l 0  * e a c t  13500  * r e n t h  1 0 2 9 3 . 9  
* *  * f r e q f a c  3 . 0 2 0 e l 0  * e a c t  13500  * r e n t h  1 0 2 9 3 . 9  
* *  *RTEMLOWR 7 9 0 . 0  
** *RTEMUPR 7 9 0 . 1
* *  -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -
* *  CHEMICAL REACTION 5 -  Medium O i l  B u rn i n g:  C10-C20 + 02 - >  H20 + CO +
♦compname
* *
’ H20' ’C21+' ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C2 -5 ' ’ CH4 ' ' C 0 2 ' ' N2' ' 0 2 '
e n e r g y
'CO'
* s t o r e a c  0 0 1  0 0 0  0 0  1 5 . 3 5 8 1  0
♦ s t o p r o d  1 5 . 8 8 7 6  0 0  0 0 0  0 0 0  1 4 . 8 2 8 5
** C h em i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  MR = 1 . 2 7 3 5  ME
* f r e q f a c  3 . 8 4 6 e l 0  * e a c t  14100 * r e n t h  4 9 2 0 . 3  
** * f r e q f a c  3 . 8 4 6 e l 0  * e a c t  1 5500  * r e n t h  4 9 2 0 . 3  
** * f r e q f a c  3 . 0 2 0 e l 0  * e a c t  1 5500  * r e n t h  4 9 2 0 . 3  
** *RTEMLOWR 7 9 0 . 0  
** *RTEMUPR 7 9 0 . 1
* * --------------------------------------------------------------------------------------------------------------------------------
** CHEMICAL REACTION 6-  L i g h t  O i l  Bu r ni n g:  C6-C9 + 02 - > H20 + CO + e n e r g y
' COKE'
' N2' ’ 0 2 '♦compname 'H20'  'C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' ' C 0 2 ‘
*★                 __ _ _
* s t o r e a c  0 0 0  1 0 0  0 0  7 . 6 3 3 7 8
♦ s t o p r o d  8 . 1 1 5 4 1  0 0 0 0 0  0 0 0 7 ,
** Ch e mi c a l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  3 . 8 4 6 e l 0  * e a c t  14200 * r e n t h  2 4 2 0 . 2  
** * f r e q f a c  3 . 8 4 6 e l 0  * e a c t  1 550 0 * r e n t h  2 4 2 0 . 2  
** * f r e q f a c  3 . 0 2 0 e l 0  * e a c t  1 5500  * r e n t h  2 4 2 0 . 2  
** *RTEMLOWR 7 9 0 . 0  
*★ *RTEMUPR 7 9 0 . 1
ic ir  --------  - ------_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ---------  _  -  - -------_ _ _ _ _ _ _ _ _ _ _ _
** CHEMICAL REACTION 7- 





Hydrocarbon Gas B ur ni ng :  C2-C5 + 02  -> H20 + CO + e n e r g y
' C 1 0 - 2 0 '  ' C 6 - 9 ' ' C 2 - 5 '  ' CH4' ' C0 2 ' ' N2' 0 2 '
♦ s t o r e a c  0 0 0  0 1 0  0 0
♦ s t o p r o d  4 . 2 6 8 2 1  0 0 0 0 0 0 0
* *  Ch em ic a l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  3 . 8 4 6 e l 0  * e a c t  15000 * r e n t h  1 4 6 3 . 4  
* *  * f r e q f a c  3 . 0 2 0 e l 0  * e a c t  15000  * r e n t h  1 4 6 3 . 4  
** *RTEMLOWR 7 9 0 . 0  
** *RTEMUPR 7 9 0 . 1  
★ ★ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
** CHEMICAL REACTION 8-  Coke Bu rn in g :  Coke + 02 -> H20 + C02 +








* e a c t  5500
♦compname 'H20'
★ ★
♦ s t o r e a c  0 
* s t o p r o d  0 . 8  
* f r e q f a c  3 . 0e5  
** *RTEMLOWR 7 9 0 . 0  
* *  *RTEMUPR 7 9 0 . 1  
** -------------------------
* *  CHEMICAL REACTION 9 
*compname 'H20'  'C21+'
* *    _ _ _ _
* s t o r e a c  0 0
* s t o p r o d  2 0
’C21+' ' C 1 0 - 2 0 ' ' C 6 - 9 ' ' C2- 5' ’ CH4'
0
0
* r e n t h
0
0
4 6 1 . 3




e n e r g y




- Gas b u r n i n g :
' C 1 0 - 2 0 ' ' C 6 - 9 '
CH4 + 202 ->  
' C 2 - 5 ' ' CH4'
2H20 + 
' C0 2 '
C02 + 
' N2'
 0 0 0 1 0 0
 0 0 0 0 0 0
** Ch emi ca l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  MR = 1 . 2 7 3 5  ME
* f r e q f a c  3 . 8 4 6 e l 0  * e a c t  15000  * r e n t h  1 4 6 3 . 4  
* *  * f r e q f a c  3 . 0 2 0 e l 0  * e a c t  59450 * r e n t h  5 0 2 . 5 3 3  
** *RTEMLOWR 7 9 0 . 0  
** *RTEMUPR 7 9 0 . 1
if if  ----------------------------------------- ---------------------------- ----- --------------------------------------------- ----------------------------------
** CHEMICAL REACTION 10 - Carbon Monoxi de  b u r n i n g :  CO + 0 . 5  02
*compname 'H20'  'C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' 'C02'
* *  _ _ _
* s t o r e a c  0 
* s t o p r o d  0
e n e r g y




** R e a c t i o n  E n t h a l p y  BTU/ lbmol e
' N2'
0 0 0 0 0 0
0 0 0 0 0 1
** Ch em ic a l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  1 . 9 1 e 5  * e a c t  3250 * r e n t h  2 . 8 3 8E 5  
** * f r e q f a c  1 . 5 e 5  * e a c t  3250 * r e n t h  2 . 8 3 8E 5
C02
' 0 2 '
0 . 5
0
e n e r g y  
'CO' 'COKE'
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♦♦ *RTEMLOWR 7 9 0 . 0  
♦♦ *RTEMUPR 7 9 0 . 1  
* *
♦ s o l d e n  4 . 4
♦♦ P s eudo co mpo nen t  K v a l u e  t a b l e s  f o r  p r e s s u r e s  500 p s i  & 6500  p s i  100 F t o  1300  
i n t e r v a l s
♦♦ * k v t a b l i m  500 6500  
♦ k v t a b l i m  5 00 .
100 1300  
3250 1 0 0 . 1 3 00 .
♦♦ l o w / h i g h  p r e s s u r e
♦ k v t a b l e  2 ♦♦ K v a l u e  t a b l e  f o r  C21+
2 . 6 7 5 E - 0 4  1 . 7 8 3 E - 0 4  1 . 3 3 7 E - 0 4  1 . 0 7 0 E - 0 4  8 . 9 1 5 E - 0 5  7 . 6 4 2 E - 0 5
5 . 3 4 9 E - 0 5  4 . 8 6 3 E - 0 5  4 . 4 5 8 E - 0 5  4 . 1 1 5 E - 0 5
2 . 0 1 0E -0 3  1 . 3 4 0 E - 0 3  1 . 0 0 5 E - 0 3  8 . 0 4 1 E - 0 4  6 . 7 0 1 E - 0 4  5 . 7 4 3 E - 0 4
4 . 0 2 0 E - 0 4  3 . 6 5 5 E - 0 4  3 . 3 5 0 E - 0 4  3 . 0 9 3 E - 0 4
8 . 8 8 6 E - 0 3  5 . 9 2 4 E - 0 3  4 . 4 4 3 E - 0 3  3 . 5 5 4 E - 0 3  2 . 9 6 2 E - 0 3  2 . 5 3 9 E - 0 3
1 . 7 7 7 E - 0 3  1 . 6 1 6 E - 0 3  1 . 4 8 1 E - 0 3  1 . 3 6 7 E - 0 3
2 . 7 8 0 E - 0 2  1 . 8 5 3 E - 0 2  1 . 3 9 0 E - 0 2  1 . 1 1 2 E - 0 2  9 . 2 6 7 E - 0 3  7 . 9 4 3 E - 0 3
5 . 560E-03  5 . 055E- 03  4 . 6 3 4 E - 0 3  4 . 2 7 7 E - 0 3
6 . 8 5 8 E- 0 2  4 . 5 72E -0 2 3 . 4 2 9 E - 0 2  2 . 7 4 3 E - 0 2  2 . 2 8 6 E - 0 2  1 . 9 6 0 E - 0 2
1 . 3 7 2 E - 0 2  1 . 2 4 7 E - 02 1 . 1 4 3 E - 0 2  1 . 0 5 5 E - 0 2
1 . 4 2 7 E - 0 1  9 . 5 1 3 E - 0 2  7 . 1 3 5 E - 0 2  5 . 7 0 8 E - 0 2  4 . 7 5 6 E - 0 2  4 . 0 7 7 E - 0 2
2 . 8 5 4 E - 0 2  2 . 5 9 4 E - 0 2  2 . 3 7 8 E - 0 2  2 . 1 9 5 E - 0 2
2 . 6 1 6 E - 0 1  1 . 7 4 4 E - 0 1  1 . 3 0 8 E - 0 1  1 . 0 4 7 E - 0 1  8 . 7 2 1 E - 0 2  7 . 4 7 5 E - 0 2
5 . 2 3 3 E - 0 2  4 . 7 5 7 E - 0 2  4 . 3 6 1 E - 0 2  4 . 0 2 5 E - 0 2
4 . 3 5 7 E - 0 1  2 . 9 0 5 E - 0 1  2 . 1 7 9 E - 0 1  1 . 7 4 3 E - 0 1  1 . 4 5 2 E - 0 1  1 . 2 4 5 E - 0 1
8 . 7 1 5 E - 0 2  7 . 9 2 2 E - 0 2  7 . 2 6 2 E - 0 2  6 . 7 0 4 E - 0 2
6 . 7 3 2 E - 0 1  4 . 4 8 8 E - 0 1  3 . 3 6 6 E - 0 1  2 . 6 9 3 E - 0 1  2 . 2 4 4 E - 0 1  1 . 9 2 3 E - 0 1
1 . 3 4 6 E - 01 1 . 2 2 4 E - 0 1  1 . 1 2 2 E - 0 1  1 . 0 3 6 E - 0 1
9 . 8 00 E - 0 1  6 . 5 3 3 E - 01 4 . 9 0 0 E - 0 1  3 . 9 2 0 E - 0 1  3 . 2 6 7 E - 0 1  2 . 8 0 0 E - 0 1
1 . 9 6 0 E - 0 1  1 . 7 8 2 E - 0 1  1 . 6 3 3 E - 0 1  1 . 5 0 8 E - 0 1
1 . 359E+00 9 . 0 6 3 E - 0 1  6 . 7 9 7 E - 0 1  5 . 4 3 8 E - 0 1  4 . 5 3 2 E - 0 1  3 . 8 8 4 E - 0 1
2 . 7 1 9 E - 0 1  2 . 47 2E- 01  2 . 2 6 6 E - 0 1  2 . 0 9 1 E - 0 1
1 . 8 1 2 9 8  1 . 2 0 8 6 6  9 . 0 6 5 E - 0 1  7 . 2 5 2 E - 0 1  6 . 0 4 3 E - 0 1  5 . 1 8 0 E - 0 1
3 . 6 2 6 E - 0 1  3 . 29 6E- 01  3 . 0 2 2 E - 0 1  2 . 7 8 9 E - 0 1
2 . 3 3 9 9 8  1 . 5 5 9 9 9  1 . 1 6 9 9 9  9 . 3 6 0 E - 0 1  7 . 8 0 0 E - 0 1  6 . 6 8 6 E - 0 1
4 . 6 8 0 E - 0 1  4 . 2 5 5 E - 0 1  3 . 9 0 0 E - 0 1  3 . 6 0 0 E - 0 1
♦ k v t a b l e  3 ** K v a l u e  t a b l e  f o r  C11-C20
4 . 7 7 9 E - 0 4  3 . 1 8 6 E - 0 4  2 . 3 9 0 E - 0 4  1 . 9 1 2 E - 0 4  1 . 5 9 3 E - 0 4  1 . 3 6 6 E - 0 4
9 . 5 5 9 E - 05 8 . 6 9 0 E - 0 5  7 . 9 6 6 E - 0 5  7 . 3 5 3 E - 0 5
3 . 2 2 6 E - 0 3  2 . 1 5 1 E - 0 3  1 . 6 1 3 E - 0 3  1 . 2 9 1 E - 0 3  1 . 0 7 5 E - 0 3  9 . 2 1 9 E - 0 4
6 . 4 5 3 E - 0 4  5 . 8 6 6 E - 0 4  5 . 3 7 7 E - 0 4  4 . 9 6 4 E - 0 4
1 . 3 1 8 E - 0 2  8 . 78 5E- 03  6 . 5 8 9 E - 0 3  5 . 2 7 1 E - 0 3  4 . 3 9 3 E - 0 3  3 . 7 6 5 E - 0 3
2 . 6 3 6 E - 0 3  2 . 3 9 6 E - 0 3  2 . 1 9 6 E - 0 3  2 . 0 2 7 E - 0 3
3 . 8 8 0 E - 0 2  2 . 587 E- 02  1 . 9 4 0 E - 0 2  1 . 5 5 2 E - 0 2  1 . 2 9 3 E - 0 2  1 . 1 0 9 E - 0 2
7 . 7 60E- 03  7 . 0 5 4 E - 0 3  6 . 4 6 7 E - 0 3  5 . 9 6 9 E - 0 3
9 . 1 2 2 E - 0 2  6 . 0 8 2 E - 0 2  4 . 5 6 1 E - 0 2  3 . 6 4 9 E - 0 2  3 . 0 4 1 E - 0 2  2 . 6 0 6 E - 0 2
1 . 8 2 4 E - 0 2  1 . 6 5 9 E - 0 2  1 . 5 2 0 E - 0 2  1 . 4 0 3 E - 0 2
1 . 8 2 5 E - 0 1  1 . 2 1 7 E- 0 1  9 . 1 2 6 E - 0 2  7 . 3 0 1 E - 0 2  6 . 0 8 4 E - 0 2  5 . 2 1 5 E - 0 2
3 . 6 5 1 E - 0 2  3 . 3 1 9 E - 0 2  3 . 0 4 2 E - 0 2  2 . 8 0 8 E - 0 2
3 . 2 4 1 E - 0 1  2 . 1 6 0 E- 0 1  1 . 6 2 0 E - 0 1  1 . 2 9 6 E - 0 1  1 . 0 8 0 E - 0 1  9 . 2 5 9 E - 0 2
6 . 4 8 1 E - 0 2  5 . 8 9 2 E - 0 2  5 . 4 0 1 E - 0 2  4 . 9 8 6 E - 0 2
5 . 2 5 2E - 01  3 . 5 0 2 E - 0 1  2 . 6 2 6 E - 0 1  2 . 1 0 1 E - 0 1  1 . 7 5 1 E - 0 1  1 . 5 0 1 E - 0 1
1 . 0 5 0 E - 0 1  9 . 5 5 0 E - 0 2  8 . 7 5 4 E - 0 2  8 . 0 8 0 E - 0 2
0 . 7 9 2 9 1  
1
1 . 1 3 1 3 6  
2
1 . 5 4 2 3 7
0 . 3 0 8 4 7  
2 . 026E+00 1
0 . 4 0 5 1 2  
2 . 579E+00 1
0 . 5 1 5 8 3  
♦ k v t a b l e  4
5 . 2 8 6 E - 0 1  3 . 9 6 5 E - 0 1  3 . 1 7 2 E - 0 1  2 . 6 4 3 E - 0 1  2 . 2 6 5 E - 0 1
5 86 E- 01  1 . 4 4 2 E - 0 1  1.
0 . 7 5 4 2 4  0 . 5 6 5 6 8
2 63 E- 0 1  2 . 0 5 7 E - 0 1  1
1 . 0 2 8 2 4  0 . 7 7 1 1 8
0 . 2 8 0 4 3  0
. 3 5 0 4 1  1 . 0 1 2 8 1
0 . 3 6 8 2 9  0
. 719E+00 1 . 290E+00 1 . 0 3 1 6 6  0
0 . 4 6 8 9 4  0 . 4 2 9 8 6  0 . 3 9 6 7 9
♦♦ K v a l u e  t a b l e  f o r  C6-10
3 22 E- 01  1
0 . 4 5 2 5 5  
8 86 E- 01  1
0 . 6 1 6 9 5  
25706 2
0 . 8 1 0 2 5  
33760  0 . 3 1 1 6 3
22 0E- 01
3 . 7 7 1 E - 0 1
7 41 E- 01
0 . 5 1 4 1 2
3 73E- 01
0 . 6 7 5 2 1
8597 1
1 . 096 0E- 02  7 . 3 0 6 9 E - 0 3  5 . 4 8 0 2 E - 0 3  4 . 3 8 4 1 E - 0 3  3 . 6 5 3 4 E - 0 3  
2 . 1 9 2 1 E - 0 3  1 . 9 9 2 8 E - 0 3  1 . 8 2 6 7 E - 0 3  1 . 6 8 6 2 E - 0 3  
0 . 0 4 9 2 7 2  0 . 0 3 2 8 4 8  0 . 0 2 4 6 3 6  0 . 0 1 9 7 0 9  0 . 0 1 6 4 2 4
0 . 0 0 9 8 5 4  0 . 0 0 8 9 5 9  0 . 0 0 8 2 1 2  0 . 0 0 7 5 8 0
3 . 2 3 2 E - 0 1
0 . 4 4 0 6 8
0 . 5 7 8 7 5
0 . 7 3 6 9 0
3 . 1 3 1 5 E - 0 3
0 . 0 1 4 0 7 8
; l o w / h i g h  
6 . 6 86 E- 0 5  
5 . 0 2 6 E - 0 4  
2 . 222E- 03  
6 . 9 5 0 E - 0 3  
1 . 7 1 5 E - 0 2  
3 . 5 6 7 E - 0 2  
6 . 5 4 1 E - 0 2  
1 . 0 8 9 E - 0 1  
1 . 6 83 E- 0 1  
2 . 4 5 0 E - 01 
3 . 3 9 9 E - 0 1  
4 . 5 3 2 E - 0 1  
5 . 8 5 0 E - 0 1
1 . 1 9 5 E - 0 4
8 . 0 6 6 E - 0 4
3 . 294E- 03
9 . 700E- 03
2 . 2 8 1 E - 0 2
4 . 5 6 3 E - 0 2
8 . 1 01 E- 0 2
1 . 3 13 E- 01
1 . 9 8 2 E - 0 1
2 . 8 2 8 E - 0 1
0 . 3 8 5 5 9
0 . 5 0 6 4 0
0 . 6 4 4 7 9
2 . 7 4 0 1 E - 0 3
0 . 0 1 2 3 1 8
F be 100 deg
t e m p e r a t u r e  
5 . 9 4 3 E - 0 5  
4 . 467E- 04  
1 . 9 7 5 E - 0 3  
6 . 1 7 8 E - 0 3  
1 . 524E- 02  
3 . 171 E- 02  
5 . 814E- 02  
9 . 6 83E- 02  
1 . 4 9 6 E - 0 1  
2 . 1 7 8 E - 0 1  
3 . 0 2 1 E - 0 1  
4 . 029E- 01  
5 . 2 0 0 E - 0 1
1 . 062E-04
7 . 1 7 0 E - 0 4
2 . 9 2 8 E - 0 3
8 . 6 2 2 E - 0 3
2 . 0 2 7 E - 0 2
4 . 0 5 6 E - 0 2
7 . 2 01E- 02
1 . 1 6 7 E - 0 1
1 . 7 6 2 E - 0 1
2 . 5 1 4 E - 0 1
0 . 3 4 2 7 5
0 . 4 5 0 1 4
0 . 5 7 3 1 4
2 . 4 3 5 6 E - 0 3
0 . 0 1 0 9 4 9
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0 . 1 4 9 1 3 9  0 . 0 9 9 4 2 6  0 . 0 7 4 5 7 0  0 . 0 5 9 6 5 6  0 . 0 4 9 7 1 3  0 . 0 4 2 6 1 1  0 . 0 3 7 2 8 5  0 . 0 3 3 1 4 2
0 . 0 2 9 8 2 8  0 . 0 2 7 1 1 6  0 . 0 2 4 8 5 7  0 . 0 2 2 9 4 5
0 . 3 4 8 9 2 0  0 . 2 3 2 6 1 3  0 . 1 7 4 4 6 0  0 . 1 3 9 5 6 8  0 . 1 1 6 3 0 7  0 . 0 9 9 6 9 1  0 . 0 8 7 2 3 0  0 . 0 7 7 5 3 8
0 . 0 6 9 7 8 4  0 . 0 6 3 4 4 0  0 . 0 5 8 1 5 3  0 . 0 5 3 6 8 0
0 . 6 8 3 8 4 4  0 . 4 5 5 8 9 6  0 . 3 4 1 9 2 2  0 . 2 7 3 5 3 8  0 . 2 2 7 9 4 8  0 . 1 9 5 3 8 4  0 . 1 7 0 9 6 1  0 . 1 5 1 9 6 5
0 . 1 3 6 7 6 9  0 . 1 2 4 3 3 5  0 . 1 1 3 9 7 4  0 . 1 0 5 2 0 7
1 . 1 8 0 4 5 8  0 . 7 8 6 9 7 2  0 . 5 9 0 2 2 9  0 . 4 7 2 1 8 3  0 . 3 9 3 4 8 6  0 . 3 3 7 2 7 4  0 . 2 9 5 1 1 4  0 . 2 6 2 3 2 4
0 . 2 3 6 0 9 2  0 . 2 1 4 6 2 9  0 . 1 9 6 7 4 3  0 . 1 8 1 6 0 9
1 . 8 5 4 7  1 . 2 3 6 4  0 . 9 2 7 3  0 . 7 4 1 9  0 . 6 1 8 2  0 . 5 2 9 9  0 . 4 6 3 7  0 . 4 1 2 1
0 . 3 7 0 9  0 . 3 3 7 2  0 . 3 0 9 1  0 . 2 8 5 3
2 . 7 1 2 3  1 . 8 0 8 2  1 . 3 5 6 1  1 . 0 8 4 9  0 . 9 0 4 1  0 . 7 7 4 9  0 . 6 7 8 1  0 . 6 0 2 7
0 . 5 4 2 5  0 . 4 9 3 1  0 . 4 5 2 0  0 . 4 1 7 3
3 . 7 5 0 9  2 . 5 0 0 6  1 . 8 7 5 4  1 . 5 0 0 3  1 . 2 5 0 3  1 . 0 7 1 7  0 . 9 3 7 7  0 . 8 3 3 5
0 . 7 5 0 2  0 . 6 8 2 0  0 . 6 2 5 1  0 . 5 7 7 1
4 . 9 6 1 8  3 . 3 0 7 9  2 . 4 8 0 9  1 . 9 8 4 7  1 . 6 5 3 9  1 . 4 1 7 7  1 . 2 4 0 4  1 . 1 0 2 6
0 . 9 9 2 4  0 . 9 0 2 1  0 . 8 2 7 0  0 . 7 6 3 4
6 . 3 3 2 4  4 . 2 2 1 6  3 . 1 6 6 2  2 . 5 3 3 0  2 . 1 1 0 8  1 . 8 0 9 3  1 . 5 8 3 1  1 . 4 0 7 2
1 . 2 6 6 5  1 . 1 5 1 3  1 . 0 5 5 4  0 . 9 7 4 2
7 . 8 4 7 6  5 . 2 3 1 7  3 . 9 2 3 8  3 . 1 3 9 0  2 . 6 1 5 9  2 . 2 4 2 2  1 . 9 6 1 9  1 . 7 4 3 9
1 . 5 6 9 5  1 . 4 2 6 8  1 . 3 0 7 9  1 . 2 0 7 3
9 . 4 9 1 1  6 . 3 2 7 4  4 . 7 4 5 5  3 . 7 9 6 4  3 . 1 6 3 7  2 . 7 1 1 7  2 . 3 7 2 8  2 . 1 0 9 1
1 . 8 9 8 2  1 . 7 2 5 7  1 . 5 8 1 8  1 . 4 6 0 2
♦ k v t a b l e  5 ♦♦ K v a l u e  t a b l e  f o r  C2-5
4 . 0 6 6 0 E - 0 1  2 . 7 1 07 E - 0 1  2 . 0 3 3 0 E - 0 1  1 . 6 2 6 4 E - 0 1  1 . 3 5 5 3 E - 0 1  1 . 1 6 1 7 E - 0 1  1 . 0 1 6 5 E - 0 1  9 . 0 3 5 5 E - 0 2
8 . 1 3 2 0 E - 0 2  7 . 3 9 2 7 E - 0 2  6 . 7 7 6 6 E - 0 2  6 . 2 5 5 4 E - 0 2
I . 0893E+00 7 . 2 6 2 1 E - 0 1  5 . 4 4 6 6 E - 0 1  4 . 3 5 7 3 E - 0 1  3 . 6 3 1 0 E - 0 1  3 . 1 1 2 3 E - 0 1  2 . 7 2 3 3 E - 0 1  2 . 4 2 0 7 E - 0 1
2 . 1 7 8 6 E - 0 1  1 . 9 80 6E -0 1  1 . 8 1 5 5 E - 0 1  1 . 6 7 5 9 E - 0 1
2 . 2 5 1 7  1 . 5 0 1 1  1 . 1 2 5 9  0 . 9 0 0 7  0 . 7 5 0 6  0 . 6 4 3 3  0 . 5 6 2 9  0 . 5 0 0 4
0 . 4 5 0 3  0 . 4 0 9 4  0 . 3 7 5 3  0 . 3 4 6 4
3 . 9 3 1 3  2 . 6 2 0 8  1 . 9 6 5 6  1 . 5 7 2 5  1 . 3 1 0 4  1 . 1 2 3 2  0 . 9 8 2 8  0 . 8 7 3 6
0 . 7 8 6 3  0 . 7 1 4 8  0 . 6 5 5 2  0 . 6 0 4 8
6 . 1 1 1 2  4 . 0 7 4 2  3 . 0 5 5 6  2 . 4 4 4 5  2 . 0 3 7 1  1 . 7 4 6 1  1 . 5 2 7 8  1 . 3 5 8 1
1 . 2 2 2 2  1 . 1 1 1 1  1 . 0 1 8 5  0 . 9 4 0 2
8 . 7 4 1 3  5 . 8 2 7 6  4 . 3 7 0 7  3 . 4 9 6 5  2 . 9 1 3 8  2 . 4 9 7 5  2 . 1 8 5 3  1 . 9 4 2 5
1 . 7 4 8 3  1 . 5 8 9 3  1 . 4 5 6 9  1 . 3 4 4 8
I I . 7 5 5 0  7 . 8 3 6 7  5 . 8 7 7 5  4 . 7 0 2 0  3 . 9 1 8 3  3 . 3 5 8 6  2 . 9 3 8 8  2 . 6 1 2 2
2 . 3 5 1 0  2 . 1 3 7 3  1 . 9 5 9 2  1 . 8 0 8 5
1 5 . 0 8 1 7  1 0 . 0 5 4 5  7 . 5 4 0 9  6 . 0 3 2 7  5 . 0 2 7 2  4 . 3 0 9 1  3 . 7 7 0 4  3 . 3 5 1 5
3 . 0 1 6 3  2 . 7 4 2 1  2 . 5 1 3 6  2 . 3 2 0 3
1 8 . 6 5 3 6  1 2 . 4 3 5 7  9 . 3 2 6 8  7 . 4 6 1 4  6 . 2 1 7 9  5 . 3 2 9 6  4 . 6 6 3 4  4 . 1 4 5 2
3 . 7 3 0 7  3 . 3 9 1 6  3 . 1 0 8 9  2 . 8 6 9 8
2 2 . 4 0 9 2  1 4 . 9 3 9 5  1 1 . 2 0 4 6  8 . 9 6 3 7  7 . 4 6 9 7  6 . 4 0 2 6  5 . 6 0 2 3  4 . 9 7 9 8
4 . 4 8 1 8  4 . 0 7 4 4  3 . 7 3 4 9  3 . 4 4 7 6
2 6 . 2 9 5 4  1 7 . 5 3 0 2  1 3 . 1 4 7 7  1 0 . 5 1 8 1  8 . 7 6 5 1  7 . 5 1 3 0  6 . 5 7 3 8  5 . 8 4 3 4
5 . 2 5 9 1  4 . 7 8 1 0  4 . 3 8 2 6  4 . 0 4 5 4
3 0 . 2 6 6 6  2 0 . 1 7 7 7  1 5 . 1 3 3 3  1 2 . 1 0 6 6  1 0 . 0 8 8 9  8 . 6 4 7 6  7 . 5 6 6 6  6 . 7 2 5 9
6 . 0 5 3 3  5 . 5 0 3 0  5 . 0 4 4 4  4 . 6 5 6 4
3 4 . 2 8 5 2  2 2 . 8 5 6 8  1 7 . 1 4 2 6  1 3 . 7 1 4 1  1 1 . 4 2 8 4  9 . 7 9 5 8  8 . 5 7 1 3  7 . 6 1 8 9
6 . 8 5 7 0  6 . 2 3 3 7  5 . 7 1 4 2  5 . 2 7 4 6
♦ k v t a b l e  6 ♦♦ K v a l u e  t a b l e  f o r  CH4
1 0 . 8 8 6 5  7 . 2 5 7 7  5 . 4 4 3 2  4 . 3 5 4 6  3 . 6 2 8 8  3 . 1 1 0 4  2 . 7 2 1 6  2 . 4 1 9 2
2 . 1 7 7 3  1 . 9 7 9 4  1 . 8 1 4 4  1 . 6 7 4 8
1 8 . 0 1 4 4  1 2 . 0 0 9 6  9 . 0 0 7 2  7 . 2 0 5 8  6 . 0 0 4 8  5 . 1 4 7 0  4 . 5 0 3 6  4 . 0 0 3 2
3 . 6 0 2 9  3 . 2 7 5 4  3 . 0 0 2 4  2 . 7 7 1 5
2 6 . 1 0 9 2  1 7 . 4 0 6 1  1 3 . 0 5 4 6  1 0 . 4 4 3 7  8 . 7 0 3 1  7 . 4 5 9 8  6 . 5 2 7 3  5 . 8 0 2 0
5 . 2 2 1 8  4 . 7 4 7 1  4 . 3 5 1 5  4 . 0 1 6 8
3 4 . 7 1 2 3  2 3 . 1 4 1 5  1 7 . 3 5 6 1  1 3 . 8 8 4 9  1 1 . 5 7 0 8  9 . 9 1 7 8  8 . 6 7 8 1  7 . 7 1 3 8
6 . 9 4 2 5  6 . 3 1 1 3  5 . 7 8 5 4  5 . 3 4 0 4
4 3 . 4 9 1 5  2 8 . 9 9 4 3  2 1 . 7 4 5 8  1 7 . 3 9 6 6  1 4 . 4 9 7 2  1 2 . 4 2 6 1  1 0 . 8 7 2 9  9 . 6 6 4 8
8 . 6 9 8 3  7 . 9 0 7 5  7 . 2 4 8 6  6 . 6 9 1 0
5 2 . 2 2 1 6  3 4 . 8 1 4 4  2 6 . 1 1 0 8  2 0 . 8 8 8 6  1 7 . 4 0 7 2  1 4 . 9 2 0 5  1 3 . 0 5 5 4  1 1 . 6 0 4 8
1 0 . 4 4 4 3  9 . 4 9 4 8  8 . 7 0 3 6  8 . 0 3 4 1
6 0 . 7 5 7 3  4 0 . 5 0 4 9  3 0 . 3 7 8 6  2 4 . 3 0 2 9  2 0 . 2 5 2 4  1 7 . 3 5 9 2  1 5 . 1 8 9 3  1 3 . 5 0 1 6
1 2 . 1 5 1 5  1 1 . 0 4 6 8  1 0 . 1 2 6 2  9 . 3 4 7 3
6 9 . 0 0 9 7  4 6 . 0 0 6 5  3 4 . 5 0 4 9  2 7 . 6 0 3 9  2 3 . 0 0 3 2  1 9 . 7 1 7 1  1 7 . 2 5 2 4  1 5 . 3 3 5 5
1 3 . 8 0 1 9  1 2 . 5 4 7 2  1 1 . 5 0 1 6  1 0 . 6 1 6 9
7 6 . 9 2 8 6  5 1 . 2 8 5 8  3 8 . 4 6 4 3  3 0 . 7 7 1 5  2 5 . 6 4 2 9  2 1 . 9 7 9 6  1 9 . 2 3 2 2  1 7 . 0 9 5 3
1 5 . 3 8 5 7  1 3 . 9 8 7 0  1 2 . 8 2 1 4  1 1 . 8 3 5 2
8 4 . 4 8 9 6  5 6 . 3 2 6 4  4 2 . 2 4 4 8  3 3 . 7 9 5 8  2 8 . 1 6 3 2  2 4 . 1 3 9 9  2 1 . 1 2 2 4  1 8 . 7 7 5 5
1 6 . 8 9 7 9  1 5 . 3 6 1 7  1 4 . 0 8 1 6  1 2 . 9 9 8 4
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9 1 . 6 8 5 0  6 1 . 1 2 3 4  4 5 . 8 4 2 5  3 6 . 6 7 4 0  3 0 . 5 6 1 7
1 8 . 3 3 7 0  1 6 . 6 7 0 0  1 5 . 2 8 0 8  1 4 . 1 0 5 4
9 8 . 5 1 8 3  6 5 . 6 7 8 9  4 9 . 2 5 9 2  3 9 . 4 0 7 3  3 2 . 8 3 9 4
1 9 . 7 0 3 7  1 7 . 9 1 2 4  1 6 . 4 1 9 7  1 5 . 1 5 6 7
1 0 4 . 9 9 9 7  6 9 . 9 9 9 8  5 2 . 4 9 9 9  4 1 . 9 9 9 9  3 4 . 9 9 9 9
2 0 . 9 9 9 9  1 9 . 0 9 0 9  1 7 . 5 0 0 0  1 6 . 1 5 3 8
* k v t a b l e  7 ** K v a l u e  t a b l e  f o r  C02
2 . 4 9 1 4  1 . 6 6 0 9  3
0 . 4 9 8 3  0 . 4 5 3 0
6 . 8 2 4 9
1.
1 4 . 3 4 1 1
2.
2 5 . 3 5 5 3  
5.
3 9 . 8 1 0 3
7.
5 7 . 4 0 5 7
4 . 5 5 0 0
3650 1 . 2 4 0 9
.2457 0,
0 . 4 1 5 2  
. 4125  2,
1 . 1 3 7 5
9966 0 . 8 3 0 5
0 . 3 8 3 3  
7300 2 . 2 7 5 0
1 . 0 5 0 0
9 . 5 6 0 7 7 . 1 7 0 5 5 . 7 3 6 4 4 . 7 8 0 4
8682 2 . 6 0 7 5 2 . 3 9 0 2 2 . 2 0 6 3
1 6 . 9 0 3 5
0711
2 6 . 5 4 0 2
1 2 . 6 7 7 6  
6101  4.
1 9 . 9 0 5 2
9621 7 . 2 3 8 2
2 8 . 7 0 2 93 8 . 2 7 0 5  
1 1 . 4 8 1 1  1 0 . 4 3 7 4  9
7 7 . 7 1 5 6  5 1 . 8 1 0 4  3 8 . 8 5 7 8
1 5 . 5 4 3 1  1 4 . 1 3 0 1
1 0 0 . 2 7 2 0  6 6 . 8 4 8 0
1 0 . 1 4 2 1  
2259 3 . 9 0 0 8
1 5 . 9 2 4 1  
63 51  6 . 1 2 4 7
2 2 . 9 6 2 3
8 . 4 5 1 8
1 3 . 2 7 0 1
1 9 . 1 3 5 2
5676 8 . 8 3 1 7
3 1 . 0 8 6 2  2 5 . 9 0 5 2
1 2 . 9 5 2 6  1 1 . 9 5 6 2
5 0 . 1 3 6 0  4 0 . 1 0 8 8  3 3 . 4 2 4 0
2 0 . 0 5 4 4 1 8 . 2 3 1 3 1 6 . 7 1 2 0 1 5 . 4 2 6 5
1 2 4 . 6 1 6 6 8 3 . 0 7 7 7 6 2 . 3 0 8 3  4 9 . 8 4 6 6  4 1 . 5 3 8 9
2 4 . 9 2 3 3  2 2 . 6 5 7 6  2 0 . 7 6 9 4  1 9 . 1 7 1 8
1 5 0 . 3 2 8 4  1 0 0 . 2 1 8 9  7 5 . 1 6 4 2  6 0 . 1 3 1 4  5 0 . 1 0 9 5
3 0 . 0 6 5 7  2 7 . 3 3 2 4  2 5 . 0 5 4 7  2 3 . 1 2 7 4
1 7 7 . 0 3 6 2  1 1 8 . 0 2 4 1  8 8 . 5 1 8 1  7 0 . 8 1 4 5  5 9 . 0 1 2 1
3 5 . 4 0 7 2  3 2 . 1 8 8 4  2 9 . 5 0 6 0  2 7 . 2 3 6 3
1 3 6 . 2 8 0 9  1 0 2 . 2 1 0 7  8 1 . 7 6 8 5  6 8 . 1 4 0 5
3 7 . 1 6 7 5  3 4 . 0 7 0 2  3 1 . 4 4 9 4
2 3 2 . 2 1 6 1  1 5 4 . 8 1 0 7  1 1 6 . 1 0 8 0  9 2 . 8 8 6 4  7 7 . 4 0 5 4
4 6 . 4 4 3 2  4 2 . 2 2 1 1  3 8 . 7 0 2 7  3 5 . 7 2 5 6
** K v a l u e  t a b l e  f o r  N2
2 0 4 . 4 2 1 4
4 0 . 8 8 4 3
♦ k v t a b l e  8
2 7 . 0 1 8 8
5.
3 8 . 0 4 8 3
7 .
4 8 . 9 6 4 5  
9.
5 9 . 4 2 2 5
1 8 . 0 1 2 5  1 3 . 5 0 9 4  1 0 . 8 0 7 5  9 . 0 0 6 3
4038 4 . 9 1 2 5  4 . 5 0 3 1  4 . 1 5 6 7
2 5 . 3 6 5 5  1 9 . 0 2 4 1  1 5 . 2 1 9 3  1 2 . 6 8 2 8
6097 6 . 9 1 7 9  6 . 3 4 1 4  5 . 8 5 3 6
3 2 . 6 4 3 0  2 4 . 4 8 2 2  1 9 . 5 8 5 8  1 6 . 3 2 1 5
7929 8 . 9 0 2 6 8 . 1 6 0 7 7 . 5 3 3 0
3 9 . 6 1 5 0 2 9 . 7 1 1 3 2 3 . 7 6 9 0 1 9 . 8 0 7 5
1 1 . 8 8 4 5 1 0 . 8 0 4 1 9 . 9 0 3 8 9 . 1 4 1 9
6 9 . 2 6 3 8 4 6 . 1 7 5 9 3 4 . 6 3 1 9 2 7 . 7 0 5 5 2 3 . 0 8 7 9
1 3 . 8 5 2 8 1 2 . 5 9 3 4 1 1 . 5 4 4 0  1 0 . 6 5 6 0
7 8 . 4 3 4 0  5 2 . 2 8 9 3  3 9 . 2 1 7 0  3 1 . 3 7 3 6  2 6 . 1 4 4 7
1 5 . 6 8 6 8  1 4 . 2 6 0 7  1 3 . 0 7 2 3  1 2 . 0 6 6 8
8 6 . 9 3 4 5  5 7 . 9 5 6 3  4 3 . 4 6 7 2  _ 3 4 . 7 7 3 8  2 8 . 9 7 8 2
1 7 . 3 8 6 9  1 5 . 8 0 6 3  1 4 . 4 8 9 1  1 3 . 3 7 4 5
6 3 . 1 9 6 8  4 7 . 3 9 7 6  3 7 . 9 1 8 19 4 . 7 9 5 2
1 8 . 9 5 9 0 1 7 . 2 3 5 5 1 5 . 7 9 9 2
1 0 2 . 0 5 9 2 6 8 . 0 3 9 5 5 1 . 0 2 9 6 4 0 . 8 2 3 7
3 1 . 5 9 8 4  
1 4 . 5 8 3 9
3 4 . 0 1 9 7
2 0 . 4 1 1 8 1 8 . 5 5 6 2 1 7 . 0 0 9 9 1 5 . 7 0 1 4
1 0 8 . 7 7 4 1 7 2 . 5 1 6 1 5 4 . 3 8 7 1 4 3 . 5 0 9 7 3 6 . 2 5 8 0
2 1 . 7 5 4 8 1 9 . 7 7 7 1 1 8 . 1 2 9 0 1 6 . 7 3 4 5
1 1 4 . 9 8 7 6  7 6 . 6 5 8 4  5 7 . 4 9 3 8  4 5 . 9 9 5 1  3 8 . 3 2 9 2
2 2 . 9 9 7 5  2 0 . 9 0 6 8  1 9 . 1 6 4 6  1 7 . 6 9 0 4
1 2 0 . 7 4 5 2  8 0 . 4 9 6 8  6 0 . 3 7 2 6  4 8 . 2 9 8 1  4 0 . 2 4 8 4
2 4 . 1 4 9 0  2 1 . 9 5 3 7  2 0 . 1 2 4 2  1 8 . 5 7 6 2
1 2 6 . 0 8 9 1  8 4 . 0 5 9 4  6 3 . 0 4 4 5  5 0 . 4 3 5 6  4 2 . 0 2 9 7
2 5 . 2 1 7 8  2 2 . 9 2 5 3  2 1 . 0 1 4 8  1 9 . 3 9 8 3
** R e f e r e n c e  c o n d i t i o n s
* p r s r  1 4 . 7  *temr 60 * p s u r f  1 4 . 7  * t s u r f  60
2 6 . 1 9 5 7
2 8 . 1 4 8 1
2 9 . 9 9 9 9
0 . 7 1 1 8
I . 9 5 0 0  
4 . 0 9 7 5  
7 . 2 4 4 4
I I . 3 7 4 4  
1 6 . 4 0 1 6  
2 2 . 2 0 4 5  
2 8 . 6 4 9 1  
3 5 . 6 0 4 7  
4 2 . 9 5 1 0  
5 0 . 5 8 1 8  
5 8 . 4 0 6 1  
6 6 . 3 4 7 5
7 . 7 1 9 7
1 0 . 8 7 0 9
1 3 . 9 8 9 8
1 6 . 9 7 7 9
1 9 . 7 8 9 7
2 2 . 4 0 9 7
2 4 . 8 3 8 4
2 7 . 0 8 4 3
2 9 . 1 5 9 8
3 1 . 0 7 8 3
3 2 . 8 5 3 6
34 . 4986
3 6 . 0 2 5 4
2 2 . 9 2 1 3
2 4 . 6 2 9 6
2 6 . 2 4 9 9
0 . 6 2 2 9
1 . 7 0 6 2
3 . 5 8 5 3
6 . 3 3 8 8
9 . 9 5 2 6
1 4 . 3 5 1 4
1 9 . 4 2 8 9
2 5 . 0 6 8 0
3 1 . 1 5 4 1
3 7 . 5 8 2 1
4 4 . 2 5 9 0
5 1 . 1 0 5 3
5 8 . 0 5 4 0
6 . 7 5 4 7
9 . 5 1 2 1
1 2 . 2 4 1 1
1 4 . 8 5 5 6
1 7 . 3 1 6 0
1 9 . 6 0 8 5
2 1 . 7 3 3 6
2 3 . 6 9 8 8
2 5 . 5 1 4 8
2 7 . 1 9 3 5
2 8 . 7 4 6 9
3 0 . 1 8 6 3
3 1 . 5 2 2 3
** ============== ROCK-FLUID PROPERTIES =========
♦ r o c k f l u i d
* s w t  * *  W a t e r - o i l  r e l a t i v e  p e r m e a b i l i t i e s  
** S i w = Swi r  = 0 . 2 4  Sorw = 0 . 3  Sor g = 0 . 1
** Kroiw = 0 . 4  Krwro = 0 . 1  Krgro = 0 . 2
Sg c  = 0 . 0 6
2 0 . 3 7 4 5  
2 1 . 8 9 3 0  
2 3 . 3 3 3 3
0 . 5 5 3 6
1 . 5 1 6 7
3 . 1 8 6 9
5 . 6 3 4 5
8 . 8 4 6 7
1 2 . 7 5 6 8
1 7 . 2 7 0 1
2 2 . 2 8 2 7
2 7 . 6 9 2 6
3 3 . 4 0 6 3
3 9 . 3 4 1 4
4 5 . 4 2 7 0
5 1 . 6 0 3 6
6 . 0 0 4 2  
8 . 4 5 5 2  
1 0 . 8 8 1 0  
1 3 . 2 0 5 0  
1 5 . 3 9 2 0  
17 . 42 9 8  
1 9 . 3 1 8 8  
2 1 . 0 6 5 6  
2 2 . 6 7 9 8  
2 4 . 1 7 2 0  
2 5 . 5 5 2 8  
2 6 . 8 3 2 3  
2 8 . 0 1 9 8
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♦♦ Sw Krw Krow
* *     ---------
0 . 2 4 0 0 . 4
0 . 2 8 1 8 1 8 0 . 0 0 0 2 4 9 0 . 3 3 0 5 7 9
0 . 3 2 3 6 3 6 0 . 0 0 1 4 1 0 . 2 6 7 7 6 9
0 . 3 6 5 4 5 5 0 . 0 0 3 8 8 4 0 . 2 1 1 5 7
0 . 4 0 7 2 7 3 0 . 0 0 7 9 7 4 0 . 1 6 1 9 8 3
0 . 4 4 9 0 9 1 0 . 0 1 3 9 3 0 . 1 1 9 0 0 8
0 . 4 9 0 9 0 9 0 . 0 2 1 9 7 3 0 . 0 8 2 6 4 5
0 . 5 3 2 7 2 7 0 . 0 3 2 3 0 5 0 . 0 5 2 8 9 3
0 . 5 7 4 5 4 5 0 . 0 4 5 1 0 7 0 . 0 2 9 7 5 2
0 . 6 1 6 3 6 4 0 . 0 6 0 5 5 1 0 . 0 1 3 2 2 3
0 . 6 5 8 1 8 2 0 . 0 7 8 7 9 9 0 . 0 0 3 3 0 6
0 . 7 0 . 1 0
♦♦ L i qu i d - - gas  r e l a t i v e p e r m e a b i l i t i e s
i Krg Krog
0.  24 0 . 2 0
0 . 3 4 0 . 1 5 8 7 1 2 0
0 . 3 7 7 5 0 . 1 4 4 0 6 8 0 . 0 0 0 6 4 6
0 . 4 1 5 0 . 1 2 9 9 0 4 0 . 0 0 5 1 6 5
0 . 4 5 2 5 0 . 1 1 6 2 3 7 0 . 0 1 1 6 2 2
0 . 4 9 0 . 1 0 3 0 8 6 0 . 0 2 0 6 6 1
0 . 5 2 7 5 0 . 0 9 0 4 7 3 0 . 0 3 2 2 8 3
0 . 5 6 5 0 . 0 7 8 4 2 1 0 . 0 4 6 4 8 8
0 . 6 0 2 5 0 . 0 6 6 9 5 7 0 . 0 6 3 2 7 5
0 . 6 4 0 . 0 5 6 1 1 3 0 . 0 8 2 6 4 5
0 . 6 7 7 5 0 . 0 4 5 9 2 8 0 . 1 0 4 5 9 7
0 . 7 1 5 0 . 0 3 6 4 4 7 0 . 1 2 9 1 3 2
0 . 7 5 2 5 0 . 0 2 7 7 2 6 0 . 1 5 6 2 5
0 . 7 9 0 . 0 1 9 8 3 9 0 . 1 8 5 9 5
0 . 8 2 7 5 0 . 0 1 2 8 8 6 0 . 2 1 8 2 3 3
0 . 8 6 5 0 . 0 0 7 0 1 4 0 . 2 5 3 0 9 9
0 . 9 0 2 5 0 . 0 0 2 4 8 0 . 2 9 0 5 4 8
0 . 9 4 0 . 0 . 3 3 0 5 7 9
1 0 . 0 . 4
** ============== INITIAL c o n d i t i o n s  ======================
♦ i n i t i a l
♦♦ A u t o m a t i c  s t a t i c  v e r t i c a l  e q u i l i b r i u m -  v e r t i c a l - o n  - r e f p r e s = 7 5  p s i  r e f e r e n c e  p r e s s u r e  
♦♦ p s t e p = 3  v e r t i c a l  e q u i l i b r i u m  i s  d on e  w i t h  3 t i m e s t e p s  w i t h  z e r o  s o u r c e s  and s i n k s .
♦ v e r t i c a l  ♦on ♦ p s t e p  350 ♦ r e f p r e s  6440  ♦ r e f d e p t h  8205 ♦ r e f b l o c k  1 1 1
♦SW ♦con 0 . 4 5  ♦♦ So by  d i f f e r e n c e ,  s i n c e  Sg = 0
♦♦ ♦SO ♦con 0 . 5 5  ♦♦ i n i t i a l  g a s  s a t u r a t i o n  i s  0 . 0 0
♦temp ♦con 2 10 .
♦♦ 1 2  3 4 5 6 7 8 9  10 11
♦♦ ' H20' 'C21+'  ' CIO-20'  ' C 6 - 9 ' ' C 2 - 5 '  ' CH4' 'C02'  'N2'  ' 0 2 '  'CO' 'COKE'
♦♦ ♦ m o l e f r a c  #g a s  ♦con 4 ^ 0 . 0  0 . 0 0 0 1  0 . 9 9 9 9  0 . 0  0 . 0  0 . 0  0 . 0
♦♦ I n i t i a l  p e t r o l e u m  p h a s e  f r a c t i o n  a r e : C 2 1 + = 0 . 3 5 87 55 4 8  C l l - 2 0 = 0 . 3 7 3 6 0 9 0 6
♦♦ C 6 - 1 0 = 0 . 19 29 32 9 2  C l - 5  = 0 . 0 7 4 7 0 2 5 5
*★ 1 2 3 4 5 6 7 8 9 10 n
** ' H20' ' C21+' ' C 1 0 - 2 0 ' ' C 6- 9 ' ' C 2 - 5 ' ' CH4' ' C 0 2 ' 'N2' O to 'CO' 'COKE
♦ m o l e f r a c  ♦ o i l  ♦con
oo
0 . 1 3 9 9 0 . 1 6 0 5 0 . 0 6 0 4 7 0 . 2 3 9 1 0 . 2 2 9
Oo oo
♦♦ ============== NUMERICAL CONTROL ======================
♦ n u m e r i c a l  ♦♦ A l l  t h e s e  c an be  d e f a u l t e d .  The d e f i n i t i o n s  
♦♦ h e r e  match t h e  p r e v i o u s  d a t a .
♦DTMAX 0 . 1
♦ m a x s t e p s  12 5000  ♦ n o r t h  10 ♦ ne w t o nc y c  29 ♦ i t e r m a x  120 
♦ u n r e l a x  - 1  ♦ p i v o t  ♦on ♦ pv t os c ma x  15
♦norm p r e s s  280 s a t u r  0 . 3 9  temp 250  
♦ c o n v e r g e
♦ p r e s s  4 . 3 5  
♦ s a t u r  0 . 0 4 9  
♦temp 1 . 7 9  
♦y 0 . 0 9
♦x 0 . 0 9
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*w 0 . 0 9  
*z o 0 . 0 4  
* z n c g  0 . 0 4  
*zaq 0 . 5  
* w e l l r e s  1 
* m a t b a l t o l  1
*run
** ============== RECURRENT DATA ======================
** P r o j e c t  s t a r t s  on z e r o  t i m e  and d t w e l .  t h e  s t a r t i n g  t i m e  s t e p  s i z e  i s  0 . 1  d a y s  
t i m e  0 d t w e l l  . 0 0 0 0 0 0 0 0 1
** 3
WELL 1 'UPDIP INJECTOR'
** RAD GEOFAC WFRAC SKIN
GEOMETRY *K 0 . 3 7 5  0 . 2 4 9  1 . 0  0 . 0
INJECTOR mobw ei ght  1 
OPERATE MAX g a s  6 5 0 0 0 0 0 0 .
OPERATE MAX bhp 6 80 0 .
** OPERATE MAX bhp 69 00 .
* *  1 2
' H20' ’ C21+
INCOMP GAS 6*0 .
TINJOV 250
** g e om e t r y  - 1 0  0 0 
PERF GEO 1 
★ ★ j_
20
** Maximum Gas I n j e c t i o n  Ra t e  15 - 4 . 5MMSCFD
** Maximum I n j e c t i o n  B HPr essu re  6900 - 6700  p s i  
** Maximum I n j e c t i o n  BHPr essure  6900 - 6700  p s i  
3 4 5 6 7 8 9  10 11
' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' ' C02'  'N2'  ' 0 2 '  'CO' 'COKE'
0 0 . 7 9  0 . 2 1  0 . 0
** A i r  i n j e c t i o n  21% 02 & 79% N2 
** I n j e c t i o n  Gas Te mpe ra t ur e  300 oF 
** Use  t u b e - e n d  o p t i o n
3 : 8
k f f  
1
i r  j r  kr w i  = 0 . 0 0 7 0 8 2  *k * h /  l n ( 0 . 5  * r e  /  rw)
WELL 'DOWNDIP PRDCR'
★ ★
GEOMETRY *K 0 . 3 7 5
PRODUCER 2 
OPERATE MAX l i q u i d  2300  
OPERATE MIN bhp 5500  
** OPERATE MIN bhp 5100  
MONITOR MAX wor 9 s h u t i n  
PERF *GEO 2
** i  j
4 4 : 7  ;
o o o  o  o
RAD





** Maximum L i q u i d  Ra t e  2000 - 1600 B/D 
** Minimum BHP 5500 - 5900 p s i  
** Minimum BHP 5500 - 5900 p s i  
** Maximum WOR=9:l o r  w a t e r - c u t  90%
f f i r  j r  kr w i  = 0 . 0 0 7 0 8 2  *k * h /  l n ( 0 . 5  * r e  /  rw)
TIME 0 . 0 0 0 0 0 0 1
TIME 1 . 0
TIME 3 1 . 0
TIME 6 2 . 0
TIME 9 0 . 0
TIME 1 8 2 . 6 2 5
TIME 3 6 5 . 2 5
TIME 5 4 7 . 8 7 5
TIME 7 3 0 . 5 0
TIME 9 1 3 . 1 2 5
TIME 1 0 9 5 . 7 5
TIME 146 1.
TIME 1 8 2 6 . 2 5
TIME 2 1 9 1 . 5
TIME 2 5 5 6 . 7 5
TIME 29 22 .
TIME 3 2 8 7 . 2 5
TIME 3650 s t o p
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♦♦ LIGHT OIL WATERFLOOD BENCHMARKING IN-SITU COMBUSTION HPHI.
♦♦ HORIZONTAL PRODUCER DOWNDIP HP--  HORIZONTAL INJECTOR UPDIP HI.
♦♦ =======================WFLDHPHI. DAT==================
-* * -------------------------------------------------------------------------------------------------------------------------------------
♦♦ T h i s  i s  STARS d a t a  s e t  f o r  F i e l d  S c a l e  L i ght / Me di um O i l  Water F l o o d  
♦♦ PREDICTION CASE -
♦♦ DOWDIP HORIZONTAL PRODUCER & UPDIP HORIZONTAL INJECTOR.
♦♦ HORIZONTAL INJECTOR AT THE BOTTOM OF THE FORMATION
♦♦ CLAIR TYPE CRUDE TYPE - HORIZONTAL INJECTOR AT THE BOTTOM OF THE
•ir ir F e a t u r e s :
ir ir 1) N i n e - p o i n t  d i s c r e t i z a t i o n  i n  t h e  a r e a l p l a n e .
ir ir 2) D i s t i n c t  p e r m e a b i l i t y  l a y e r i n g .
ir ir 3) F i v e  h yd r o c a r b o n  c om po ne nt s ,  11 ps eudo- -components  i n  t o t a l
ir ir 4) A u t o m a t i c  i n i t i a l  v e r t i c a l  e q u i l i b r i u m c a l c u l a t i o n .
ir ir 5) M u l t i - l a y e r  w e l l  w i t h  a d d i t i o n a l  i n j e c t i o n  and p r o d u c t i o n
ir ★ o p e r a t i n g  c o n s t r a i n t s .
* ir 6) High i n i t i a l  p r e s s u r e  6440 p s i a .
it ir 7) Sharp c h a n g e s  i n  o i l  v i s c o s i t y  o c c u r  a t t h e  s t e am  f r o n t
★ ir
♦♦ ============== INPUT/OUTPUT CONTROL ======================
f i l e n a m e  o u t p u t  i n d e x - o u t  m a i n - r e s u l t s - o u t  ♦♦ Use  d e f a u l t  f i l e  names
♦ t i t l e l  1 LIGHT OIL WATERFLOOD BENCHMARKING ISC PREDICTION CASES. ' 
* T i t l e 2  'DOWNDIP HORIZONTAL PRODUCER - '
* t i t l e 3  'UPDIP HORIZONTAL INJECTOR- PREDICTION CASE. '
♦ i n u n i t  * f i e l d  ♦♦ o u t p u t  same a s  i n p u t
♦ o u t p r n  * g r i d  * p r e s  *sw * s o  * s g  *temp ♦y *x ♦w * s o l c o n c  
♦ o b h l o s s  * v i s o  
♦ o u t p r n  * w e l l  ♦ a l l
♦ w r s t  20 ♦wprn ♦ g r i d  300 ♦wprn ♦ i t e r  300  
♦REWIND 1
♦♦ ♦RESTART 10960  
♦♦ INDEX-IN ' ISC_HPHI. IRF'
o u t s r f  g r i d  p r e s  s o  s g  temp
o u t s r f  s p e c i a l  m a t b a l  w e l l  2 ♦♦ C u m u l a t i v e  l i t e  o i l  pr odu ce d
m a t ba l w e l l 3 ** C u m u l a t i v e  medm o i l  pr odu ce d
ma t ba l w e l l 4 ** C u m u l a t i v e  hevy o i l  pr oduce d
o b h l o s s *★ C u m u l a t i v e  h e a t l o s s
b l k v a r s g  0 1 ** Te mpe ra tu re  i n  b l o c k  ( 1 . 1 . 1 )
b l k v a r s o  0 23 ** O i l  s a t u r a t i o n
b l k v a r p r e s 0 23 ** P r e s s u r e
♦ PARTCLMLWT 1 3 . 6  ♦♦ COKE ( CHI . 6)  MOLECULAR WEIGHT IS 1 3 . 6
♦♦ ============== GRID AND RESERVOIR DEFINITION =================
♦ g r i d  ♦ c a r t  22 9 5
♦ d i  ♦ i v a r  3 8 4 . 8  3 ^ 1 9 2 . 4 1  1 7 ^ 9 6 . 2 1  1 4 4 . 3 2  
♦dj  ♦con 9 6 . 2 1
♦dk ♦ kva r  3 5 . 7  3 5 . 2  3 4 . 8  3 4 . 5  3 4 . 6  
♦ d t o p  ♦ i v a r  
♦♦ KLISIS 8 . 8  o
8620 8600 8580 8560 8540 8520 8500 8480 8460 8440 8420 8400  
8380 8360 8340  8320 8300 8280 8260 8240 8220 8200  
♦♦ 8390 8380 8370 8360 8350 8340 8330 8320 8310 8300 8290 8280
♦♦ 8270 8265 8260 8255 8250 8240 8230 8220 8210 8200
♦ por  ♦co n 0 . 1 9 2 6 4
♦permi  ^kvar 3 # 1 1 0 0 . 0  2 # 1 3 0 0 . 0  ♦permj ♦ e q u a l s i  ♦permk ♦ e q u a l s i  /  10
♦♦ ♦permi  ^kvar 3 ^1 0 8 2 - 8 7 2  2 - 6 7 2 ^ 9 9 7 - 6 9 7 . 6 - 5 9 7  ♦permj ♦ e q u a l s i  ♦permk ♦ e q u a l s i  /  10
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* c p o r  6 . 1 2 3 e - 5  * p r po r  1000 * r o c k c p  3 5 . 6  
* t h c o n r  36 * thc onw 36 * t h c o n o  36 * t h c o n g  36 
♦ h l o s s p r o p  o v e r b u r  3 5 . 6  36 unde rbur  3 5 . 6  36
** ============== FLUID DEFINITIONS ======================
** NORTH SEA LIGHT OIL (CLRPVT96.XLS)
♦model  11 10 8 ** Number o f  n o n c o n d e n s i b l e  g a s e s  i s  numy-numx = 2
** Number o f  s o l i d  c ompone nt s  i s  ncomp-numy = 1 
** N2 & C02 s o l u b l e  i n  t h e  l i q u i d  p e t r o l e u m  p h a s e  
* *  02  & CO o n l y  i n  t h e  g a s  p h a s e  i n s o l u b l e  i n  t h e  l i q u i d  p e t r o l e u m  p h a s e
♦compname 'H20'  'C21+'  ' 0 1 1 - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4' ' C02'  'N2'  ' 0 2 '  'CO' 'COKE'
* *
*cmm 18 5 3 9 . 3 7  2 0 9 . 7 2  1 0 2 . 0 6  4 6 . 9 3  1 6 . 0 4 3  4 4 . 0 1  2 8 . 0 1 3  32 2 8 . 0 1
♦ p c r i t  3155 2 5 2 . 4 4  2 7 3 . 6 8  3 9 1 . 3J. 6 0 9 . 9 3  6 6 7 . 2  1 0 7 1 . 0  4 9 2 . 3 1  730 5 0 7 . 5
♦ t c r i t  7 0 5 . 7  8 3 2 . 1 7  8 0 9 . 3 5  5 2 2 . 9 2  2 1 3 . 8 2  - 1 1 6 . 5 9  8 7 . 5 6  - 2 3 2 . 5 1  - 1 8 1 . 7 2  - 2 2 0 . 7 8
*avg 0 3 . 9 2 6 e - 6  3 . 8 7 6 e - 6  3 . 1 5 6 e - 6  2 . 1 6 6 e - 6  2 . 1 2 7 e - 4  2 . 1 9 6 0 e - 4  2 . 1 9 6 0 e - 4  2 . 1 9 6 0 e - 4  2 . 1 9 6 0 e - 4
*bvg 0 1 . 1 0 2  1 . 0 5 6  1 . 0 0 5  0 . 9 4 3  0 . 7 2 1  0 . 7 2 1  0 . 7 2 1  0 . 7 0 2  0 . 7 0 2
♦compname 'H20'  'C21+'  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4' ' C02'  'N2'  ' 0 2 '  'CO' 'COKE'
**                 ______
♦ a v i s c  0 0 . 1 3 2 6 8 3  0 . 1 3 2 8 2 3  0 . 1 5 2 2 9 6  0 . 1 9 0 2 4 8  0 . 1 3 7 8 4 9  0 . 0 4 4 1 2 6  0 . 1 4 1 2 6 9
♦ b v i s c  0 1 4 7 8 . 3 2  1 2 9 5 . 3 2  8 5 2 . 6 6  4 7 8 . 5 1  2 0 5 . 4 5  1 0 4 0 . 5 4  1 6 2 . 5 4
♦molden 0 0 . 0 4 8 1  0 . 1 3 0 9  0 . 2 0 0 0  0 . 2 0 2 4  0 . 4 0 2 4  0 . 6 6 2 3  0 . 6 9 4 4  ** LBMOLE/FT3
*cp 0 3 . 9 e - 6  4 e - 6  4 . 5 e - 6  5 e - 6  6 . 5 e - 6  7 e - 6  7 . 5 e - 6
**cmpnm 'H20'  'C21+'  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4' ' C02'  'N2'  ' 0 2 '  'CO' 'COKE'
★ *                     _____
* c t l  0 1 . 4 e - 4  1 . 4 9 6 e - 4  1 . 9 5 8 e - 4  2 . 5 2 7 e - 4  2 . 6 4 9 e - 4  2 . 8 3 9 e - 4  2 . 8 3 9 e - 4
** ______________________________________________________________________________________________________
** CHEMICAL REACTION 1 - C r a ck i n g:  C21+ - > CH4 + Coke
♦compname 'H20'  'C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' ' C02'  'N2'  ' 0 2 '  'CO' 'COKE'
♦ s t o r e a c  0 1 0  0 0 0  0 0 0
♦ s t o p r o d  0 0 0 0 0 7 . 4 2 2 5 8  0 0 0
** Ch emi ca l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  MR - 1 . 2 7 3 5  ME
♦ f r e q f a c  1 . 2 7 3 5 e 5  * e a c t  38000 * r e n t h  0 
** * f r e q f a c  1 . 0 e 5  * e a c t  38000 * r e n t h  0
* *  * f r e q f a c  2 . 1 e 5  * e a c t  25000 * r e n t h  0
* * --------------------------------------------------------------------------------------------------------------------------------
** CHEMICAL REACTION 2 - C r a ck i n g:  C21+ -> C2-C5 + Coke  
♦compname 'H20'  'C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' ' C02'  'N2'  ' 0 2 '
★ *                 ______
♦ s t o r e a c  0 1 0  0 0 0  0 0 0
♦ s t o p r o d  0 0 0 0 5 . 2 1 2 5 4  0 0 0 0
* *  Ch emi ca l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  0 . 8 9 1 e 5  * e a c t  39000 * r e n t h  0 
** * f r e q f a c  0 . 7 e 5  * e a c t  39000 * r e n t h  0
** * f r e q f a c  2 . I e 5  * e a c t  2 5000  * r e n t h  0
ir it  ---------------------- -----------------
** CHEMICAL REACTION 3 - C r a ck i n g:  C10-C20 -> CH4 + Coke
♦compname 'H20'  'C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' 'C02'  'N2'  ' 0 2 '
* ★
♦ s t o r e a c  0 0 1  0 0 0  0 0 0 0 0
♦ s t o p r o d  0 0 0 0 0 3 . 3 5 4 0 6  0 0 0 0 1 1 . 4 7 4 4
** Chemi cal  R e a c t i o n  U p s c a l i n g  b a s e d  on:  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  0 . 5 e 5  * e a c t  45 000  * r e n t h  0
** * f r e q f a c  0 . 6 3 7 e 5  * e a c t  4 5000  * r e n t h  0
** * f r e q f a c  2 . 0e5  * e a c t  27000 * r e n t h  0
* * --------------------------------------------------------------------------------------------------------------------------------
** CHEMICAL REACTION 4 -  Heavy O i l  B ur ni ng:  C21+ + 02  - > H20 + CO + e n e r g y
♦compname 'H20'  'C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' ' C02'  'N2'  ' 0 2 '  'CO' 'COKE'
**                     _______
♦ s t o r e a c  0 1 0  0 0 0  0 0  3 8 . 9 6 8 5  0 0
♦ s t o p r o d  3 9 . 5 8 7 1  0 0 0 0 0  0 0 0 3 8 . 5 1  0
** Ch emi ca l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  3 . 8 4 6 e l 0  * e a c t  12400 * r e n t h  1 0 2 9 3 . 9  
** * f r e q f a c  3 . 8 4 6 e l 0  * e a c t  13500 * r e n t h  1 0 2 9 3 . 9  
** * f r e q f a c  3 . 0 2 0 e l 0  * e a c t  13500 * r e n t h  1 0 2 9 3 . 9
0 0 
0 3 0 . 9 2 7 4
'CO' 'COKE'
0 0 
0 2 1 . 6 7 3 6
'CO' 'COKE'
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** *RTEMLOWR 7 9 0 . 0  
** *RTEMUPR 7 9 0 . 1
** CHEMICAL REACTION 5-  Medium O i l  B u rn i n g:  C10-C20 + 02  - >  H20 + CO + e n e r g y  
*compname 'H20'  ' C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' 'C02'  'N2'  ' 0 2 '  'CO' 'COKE'
* s t o r e a c  0 0 1  0 0 0  0 0  1 5 . 3 5 8 1  0 0
* s t o p r o d  1 5 . 8 8 7 6  0 0  0 0 0  0 0 0  1 4 . 8 2 8 5  0
* *  C h em i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  MR = 1 . 2 7 3 5  ME
* f r e q f a c  3 . 8 4 6 e l 0  * e a c t  1 41 00  * r e n t h  4 9 2 0 . 3  
** * f r e q f a c  3 . 8 4 6 e l 0  * e a c t  15 50 0 * r e n t h  4 9 2 0 . 3  
** * f r e q f a c  3 . 0 2 0 e l 0  * e a c t  15 50 0 * r e n t h  4 9 2 0 . 3  
** *RTEMLOWR 7 9 0 . 0  
* *  *RTEMUPR 7 9 0 . 1
** CHEMICAL REACTION 6-  L i g h t  O i l  Bu rn in g :  C6-C9 + 02 - > H20 + CO + e n e r g y
★compname 'H20'  'C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' 'C02'  'N2'  ' 0 2 '  'CO' 'COKE'
**                   _______
♦ s t o r e a c  0 0 0  1 0 0  0 0  7 . 6 3 3 7 8  0 0
* s t o p r o d  8 . 1 1 5 4 1  0 0  0 0 0  0 0 0  7 . 1 5 2 1 6  0
** C h em i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  MR = 1 . 2 7 3 5  ME
* f r e q f a c  3 . 8 4 6 e l 0  * e a c t  1 42 00  * r e n t h  2 4 2 0 . 2
* *  * f r e q f a c  3 . 8 4 6 e l 0  * e a c t  1 550 0 * r e n t h  2 4 2 0 . 2  
** * f r e q f a c  3 . 0 2 0 e l 0  * e a c t  15 500  * r e n t h  2 4 2 0 . 2  
** *RTEMLOWR 7 9 0 . 0  
** *RTEMUPR 7 9 0 . 1
iric  -------         _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
** CHEMICAL REACTION 7 -  H yd ro car bon  Gas Bur ni ng:  C2-C5 + 02  -> H20 + CO + e n e r g y
*compname 'H20'  'C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' 'C02'  'N2'  ' 0 2 '  'CO' 'COKE'
**                     _______
* s t o r e a c  0 0 0  0 1 0  0 0  3 . 7 3 3 7 5  0 0
* s t o p r o d  4 . 2 6 8 2 1  0 0  0 0 0  0 0 0  3 . 1 9 9 2 9  0
** C h em i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  MR = 1 . 2 7 3 5  ME
* f r e q f a c  3 . 8 4 6 e l 0  * e a c t  1 50 00  * r e n t h  1 4 6 3 . 4
** * f r e q f a c  3 . 0 2 0 e l 0  * e a c t  1 500 0 * r e n t h  1 4 6 3 . 4
** *RTEMLOWR 7 9 0 . 0
** *RTEMUPR 7 9 0 . 1
* +         . . . ------------------------
** CHEMICAL REACTION 8-  Coke Bu rn in g :  Coke + 02 - > H20 + C02 + e n e r g y
♦compname 'H20'  'C21+'  
★ *
' C 1 0 - 2 0 '  ' C 6 - 9 ' ' C2- 5' ’ ' CH4' ' C0 2 ' ' N2' ' 0 2 ' 'CO' ' COKE'
♦ s t o r e a c  0 0 
♦ s t o p r o d  0 . 8  0 
* f r e q f a c  3 . 0e 5  * e a c t  
** *RTEMLOWR 7 9 0 . 0  
★* *r tEMUPR 7 9 0 . 1
0 0 
0 0 
















** CHEMICAL REACTION 9 
♦compname 'H20'  'C21+'  
* ★
- Gas b u r n i n g :
' C 1 0 - 2 0 ' ' C6- 9 '
CH4 +
' C2- 5 '
202 ->  
' CH4'
2H20 + 
' C0 2 '
C02 + 
' N2'
e n e r g y
' 0 2 ' 'CO' ' COKE'
* s t o r e a c  0 0 

















** Ch e mi c a l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  3 . 8 4 6 e l 0  * e a c t  1 50 00  * r e n t h  1 4 6 3 . 4
** * f r e q f a c  3 . 0 2 0 e l 0  * e a c t  5 9450  * r e n t h  5 0 2 . 5 3 3  ** R e a c t i o n  E n t h a l p y  BTU/ lbmol e
** *RTEMLOWR 7 9 0 . 0  
** *RTEMUPR 7 9 0 . 1
** CHEMICAL REACTION 10 - Carbon Monoxi de  b u r n i n g :  CO + 0 . 5  02 - > C02 + e n e r g y
*compname 'H20'  'C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' 'C02'  'N2'  ' 0 2 '  'CO' 'COKE'
**                     _______
* s t o r e a c  0 0 0 0 0 0 0 0 0 . 5 1  0
♦ s t o p r o d  0 0 0  0 0 0  1 0 0 0 0
** Ch e mi c a l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  MR = 1 . 2 7 3 5  ME
* f r e q f a c  1 . 9 1 e 5  * e a c t  3250  * r e n t h  2 .83 8E5
** * f r e q f a c  1 . 5 e 5  * e a c t  3250 * r e n t h  2 . 8 38 E5
** *RTEMLOWR 7 9 0 . 0
** *RTEMUPR 7 9 0 . 1
"Numerical Simulation of In-Situ Combustion Processes in High Pressure Light and Medium Petroleum Reservoirs."
Appendix-V Simulation Data Files of Oil Field Scale Studies, John Tingas 9/3/2000
390
♦solden 4.4
♦♦ Pse ud oc o mp on en t  K v a l u e  t a b l e s  f o r  p r e s s u r e s  500 p s i  & 6500 p s i  100 F t o  130 0 ] 
i n t e r v a l s
♦ ♦ ♦ k v t a b l i m  500 6500 100 1300
* k v t a b l i m  5 0 0 .  3250 1 0 0 .  1 3 0 0 .
♦♦ l o w / h i g h  p r e s s u r e ;  l o w / h i g h
♦ k v t a b l e  2 ** K v a l u e  t a b l e  f o r  C21+
2 . 6 7 5 E - 0 4  1 . 7 8 3 E - 0 4  1 . 3 3 7 E - 0 4  1 . 0 7 0 E - 0 4  8 . 9 1 5 E - 0 5
5 . 34 9E -0 5  4 . 8 6 3 E - 0 5  4 . 4 5 8 E - 0 5  4 . 1 1 5 E - 0 5
2 . 0 1 0 E - 0 3  1 . 3 40 E- 0 3  1 . 0 0 5 E - 0 3  8 . 0 4 1 E - 0 4  6 . 7 0 1 E - 0 4
4 . 0 2 0 E - 0 4  3 . 6 5 5 E - 0 4  3 . 3 5 0 E - 0 4  3 . 0 9 3 E - 0 4
8 . 8 8 6 E - 0 3  5 . 9 2 4 E - 03 4 . 4 4 3 E - 0 3  3 . 5 5 4 E - 0 3  2 . 9 6 2 E - 0 3
1 . 7 77E -0 3 1 . 6 1 6 E - 0 3  1 . 4 8 1 E - 0 3  1 . 3 6 7 E - 0 3
2 . 7 8 0 E - 0 2  1 . 8 5 3 E - 0 2  1 . 3 9 0 E - 0 2  1 . 1 1 2 E - 0 2  9 . 2 6 7 E - 0 3
5 . 5 6 0 E - 0 3  5 . 0 5 5 E - 0 3  4 . 6 3 4 E - 0 3  4 . 2 7 7 E - 0 3
6 . 8 5 8 E- 0 2  4 . 5 7 2 E - 02 3 . 4 2 9 E - 0 2  2 . 7 4 3 E - 0 2  2 . 2 8 6 E - 0 2
1 . 3 7 2 E - 0 2  1 . 2 4 7 E - 0 2  1 . 1 4 3 E - 0 2  1 . 0 5 5 E - 0 2
1 . 4 2 7 E - 0 1  9 . 5 1 3 E - 0 2  7 . 1 3 5 E - 0 2  5 . 7 0 8 E - 0 2  4 . 7 5 6 E - 0 2
2 . 8 5 4 E - 0 2  2 . 5 9 4 E - 0 2  2 . 3 7 8 E - 0 2  2 . 1 9 5 E - 0 2
2 . 6 1 6 E - 0 1  1 . 7 4 4 E- 0 1  1 . 3 0 8 E - 0 1  1 . 0 4 7 E - 0 1  8 . 7 2 1 E - 0 2
5 . 2 3 3 E - 0 2  4 . 7 5 7 E - 0 2  4 . 3 6 1 E - 0 2  4 . 0 2 5 E - 0 2
4 . 3 5 7 E - 0 1  2 . 9 0 5 E - 0 1  2 . 1 7 9 E - 0 1  1 . 7 4 3 E - 0 1  1 . 4 5 2 E - 0 1
8 . 7 1 5 E - 0 2  7 . 922 E- 02  7 . 2 6 2 E - 0 2  6 . 7 0 4 E - 0 2
6 . 7 3 2 E - 0 1  4 . 4 8 8 E - 0 1  3 . 3 6 6 E - 0 1  2 . 6 9 3 E - 0 1  2 . 2 4 4 E - 0 1
1 . 3 4 6 E - 0 1  1 . 2 2 4 E - 0 1  1 . 1 2 2 E - 0 1  1 . 0 3 6 E - 0 1
9 . 8 0 0 E - 0 1  6 . 5 3 3 E - 0 1  4 . 9 0 0 E - 0 1  3 . 9 2 0 E - 0 1  3 . 2 6 7 E - 0 1
1 . 9 6 0 E - 0 1  1 . 7 8 2 E - 0 1  1 . 6 3 3 E - 0 1  1 . 5 0 8 E - 0 1
1 . 359E+00 9 . 0 6 3 E - 01 6 . 7 9 7 E - 0 1  5 . 4 3 8 E - 0 1  4 . 5 3 2 E - 0 1
2 . 7 1 9 E - 0 1  2 . 4 7 2 E - 0 1  2 . 2 6 6 E - 0 1  2 . 0 9 1 E - 0 1
1 . 8 1 2 9 8  1 . 2 0 8 6 6  9 . 0 6 5 E - 0 1  7 . 2 5 2 E - 0 1  6 . 0 4 3 E - 0 1
3 . 6 2 6 E - 0 1  3 . 2 9 6 E - 0 1  3 . 0 2 2 E - 0 1  2 . 7 8 9 E - 0 1
2 . 3 3 9 9 8  1 . 5 5 9 9 9  1 . 1 6 9 9 9  9 . 3 6 0 E - 0 1  7 . 8 0 0 E - 0 1
4 . 6 8 0 E - 0 1  4 . 2 5 5 E - 0 1  3 . 9 0 0 E - 0 1  3 . 6 0 0 E - 0 1
♦ k v t a b l e  3 ♦♦ K v a l u e  t a b l e  f o r  C11-C20
4 . 7 7 9 E - 0 4  3 . 1 8 6 E - 0 4  2 . 3 9 0 E - 0 4  1 . 9 1 2 E - 0 4  1 . 5 9 3 E - 0 4
9 . 5 5 9 E - 0 5  8 . 6 9 0 E - 0 5  7 . 9 6 6 E - 0 5  7 . 3 5 3 E - 0 5
3 . 2 2 6 E - 0 3  2 . 1 5 1 E - 0 3  1 . 6 1 3 E - 0 3  1 . 2 9 1 E - 0 3  1 . 0 7 5 E - 0 3
6 . 4 5 3 E - 04 5 . 8 6 6 E - 0 4  5 . 3 7 7 E - 0 4  4 . 9 6 4 E - 0 4
1 . 3 1 8 E - 0 2  8 . 7 8 5 E - 0 3  6 . 5 8 9 E - 0 3  5 . 2 7 1 E - 0 3  4 . 3 9 3 E - 0 3
2 . 6 3 6 E - 0 3  2 . 3 9 6 E - 0 3  2 . 1 9 6 E - 0 3  2 . 0 2 7 E - 0 3
3 . 8 80 E -0 2  2 . 5 8 7 E - 0 2  1 . 9 4 0 E - 0 2  1 . 5 5 2 E - 0 2  1 . 2 9 3 E - 0 2
7 . 7 6 0 E - 0 3  7 . 0 5 4 E - 0 3  6 . 4 6 7 E - 0 3  5 . 9 6 9 E - 0 3
9 . 1 2 2 E - 0 2  6 . 0 8 2 E - 0 2  4 . 5 6 1 E - 0 2  3 . 6 4 9 E - 0 2  3 . 0 4 1 E - 0 2
1 . 8 2 4 E - 0 2  1 . 6 5 9 E - 0 2  1 . 5 2 0 E - 0 2  1 . 4 0 3 E - 0 2
1 . 8 2 5 E - 0 1  1 . 2 1 7 E- 0 1  9 . 1 2 6 E - 0 2  7 . 3 0 1 E - 0 2  6 . 0 8 4 E - 0 2
3 . 6 5 1 E - 0 2  3 . 3 1 9 E - 02 3 . 0 4 2 E - 0 2  2 . 8 0 8 E - 0 2
3 . 2 4 1 E- 0 1  2 . 1 6 0 E- 0 1  1 . 6 2 0 E - 0 1  1 . 2 9 6 E - 0 1  1 . 0 8 0 E - 0 1
6 . 4 8 1 E - 0 2  5 . 8 9 2 E - 0 2  5 . 4 0 1 E - 0 2  4 . 9 8 6 E - 0 2
5 . 2 5 2 E - 0 1  3 . 5 0 2 E - 0 1  2 . 6 2 6 E - 0 1  2 . 1 0 1 E - 0 1  1 . 7 5 1 E - 0 1
1 . 0 5 0 E - 01 9 . 5 5 0 E - 0 2  8 . 7 5 4 E - 0 2  8 . 0 8 0 E - 0 2
0 . 7 9 2 9 1  5 . 2 8 6 E - 0 1  3 . 9 6 5 E - 0 1  3 . 1 7 2 E - 0 1  2 . 6 4 3 E - 0 1
1 . 5 8 6 E- 0 1  1 . 4 4 2 E - 0 1  1 . 3 2 2 E - 0 1  1 . 2 2 0 E - 0 1
1 . 1 3 1 3 6  0 . 7 5 4 2 4  0 . 5 6 5 6 8  0 . 4 5 2 5 5  3 . 7 7 1 E - 0 1
2 . 2 6 3 E - 0 1  2 . 0 5 7 E - 0 1  1 . 8 8 6 E - 0 1  1 . 7 4 1 E - 0 1
1 . 5 4 2 3 7  1 . 0 2 8 2 4  0 . 7 7 1 1 8  0 . 6 1 6 9 5  0 . 5 1 4 1 2
0 . 3 0 8 4 7  0 . 2 8 0 4 3  0 . 2 5 7 0 6  2 . 3 7 3 E - 0 1
2 . 026E+00 1 . 3 5 0 4 1  1 . 0 1 2 8 1  0 . 8 1 0 2 5  0 . 6 7 5 2 1
0 . 4 0 5 1 2  0 . 3 6 8 2 9  0 . 3 3 7 6 0  0 . 3 1 1 6 3
2 . 579E+00 1 . 719E+00 1 .29 0E+00  1 . 0 3 1 6 6  0 . 8 5 9 7 1
0 . 5 1 5 8 3  0 . 4 6 8 9 4  0 . 4 2 9 8 6  0 . 3 9 6 7 9
♦ k v t a b l e  4 ♦♦ K v a l u e  t a b l e  f o r  C6-10
1 . 0 9 6 0 E - 0 2  7 . 3 069 E- 03  5 . 4 8 0 2 E - 0 3  4 . 3 8 4 1 E - 0 3  3 . 6 5 3 4 E - 0 3
2 . 1 9 2 1 E - 0 3  1 . 9 9 2 8 E - 0 3  1 . 8 2 6 7 E - 0 3  1 . 6 8 6 2 E - 0 3
0 . 0 4 9 2 7 2  0 . 0 3 2 8 4 8  0 . 0 2 4 6 3 6  0 . 0 1 9 7 0 9  0 . 0 1 6 4 2 4
0 . 0 0 9 8 5 4  0 . 0 0 8 9 5 9  0 . 0 0 8 2 1 2  0 . 0 0 7 5 8 0
0 . 1 4 9 1 3 9  0 . 0 9 9 4 2 6  0 . 0 7 4 5 7 0  0 . 0 5 9 6 5 6  0 . 0 4 9 7 1 3
0 . 0 2 9 8 2 8  0 . 0 2 7 1 1 6  0 . 0 2 4 8 5 7  0 . 0 2 2 9 4 5
7 . 6 42 E - 0 5  
5 . 7 4 3 E - 0 4  
2 . 5 3 9 E - 0 3  
7 . 9 4 3 E - 0 3  
1 . 9 6 0 E - 0 2  
4 . 0 7 7 E - 0 2  
7 . 4 75 E - 0 2  
1 . 2 4 5 E - 0 1  
1 . 9 2 3 E - 0 1  
2 . 800E- 01  
3 . 8 8 4 E - 0 1  
5 . 180E- 01  
6 . 6 8 6 E - 0 1
1 . 3 6 6 E - 0 4
9 . 2 1 9 E - 0 4
3 . 7 6 5 E - 0 3
1 . 1 0 9 E - 0 2
2 . 6 0 6 E - 0 2
5 . 2 1 5 E - 0 2
9 . 259 E- 02
1 . 501E- 01
2 . 2 6 5 E - 0 1
3 . 2 3 2 E - 0 1
0 . 4 4 0 6 8
0 . 5 7 8 7 5
0 . 7 3 6 9 0
6 . 6 8 6 E - 05 
5 . 0 2 6 E - 0 4  
2 . 2 22 E- 03  
6 . 9 5 0 E - 0 3  
1 . 7 1 5 E - 0 2  
3 . 5 6 7 E - 0 2  
6 . 5 4 1 E - 0 2  
1 . 0 8 9 E - 0 1  
1 . 6 8 3 E - 01  
2 . 4 5 0 E - 0 1  
3 . 3 9 9 E - 0 1  
4 . 5 3 2 E - 0 1  
5 . 8 5 0 E - 0 1
1 . 1 9 5 E - 04
8 . 0 6 6 E - 0 4
3 . 2 9 4 E - 0 3
9 . 7 0 0 E - 0 3
2 . 2 8 1 E - 0 2
4 . 56 3 E- 0 2
8 . 1 0 1 E - 0 2
1 . 3 1 3 E - 0 1
1 . 9 8 2 E - 0 1
2 . 82 8E -0 1
0 . 3 8 5 5 9
0 . 5 0 6 4 0
0 . 6 4 4 7 9
3 . 1 3 1 5 E - 0 3  2 . 7 4 0 1 E - 0 3
0 . 0 1 4 0 7 8  0 . 0 1 2 3 1 8
0 . 0 4 2 6 1 1  0 . 0 3 7 2 8 5
’ be 100 deg
t e m p e r a t u r e
5 . 9 4 3 E - 0 5  
4 . 4 6 7 E - 0 4  
1 . 9 7 5 E - 0 3  
6 . 1 7 8 E - 0 3  
1 . 5 2 4 E - 0 2  
3 . 171E- 02  
5 . 8 1 4 E - 0 2  
9 . 6 83E- 02  
1 . 4 9 6 E - 0 1  
2 . 1 7 8 E - 0 1  
3 . 0 2 1 E - 0 1  
4 . 029 E- 01  
5 . 2 0 0 E - 0 1




2 . 0 2 7 E - 0 2
4 . 0 5 6 E - 0 2
7 . 2 0 1 E - 0 2
1 . 1 6 7 E - 0 1
1 . 7 62 E- 01
2 . 5 1 4 E - 0 1
0 . 3 4 2 7 5
0 . 4 5 0 1 4
0 . 5 7 3 1 4
2 . 4 3 5 6 E - 0 3
0 . 0 1 0 9 4 9
0 . 0 3 3 1 4 2
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0 . 3 4 8 9 2 0  0 . 2 3 2 6 1 3  0 . 1 7 4 4 6 0  0 . 1 3 9 5 6 8  0 . 1 1 6 3 0 7  0 . 0 9 9 6 9 1  0 . 0 8 7 2 3 0  0 . 0 7 7 5 3 8
0 . 0 6 9 7 8 4  0 . 0 6 3 4 4 0  0 . 0 5 8 1 5 3  0 . 0 5 3 6 8 0
0 . 6 8 3 8 4 4  0 . 4 5 5 8 9 6  0 . 3 4 1 9 2 2  0 . 2 7 3 5 3 8  0 . 2 2 7 9 4 8  0 . 1 9 5 3 8 4  0 . 1 7 0 9 6 1  0 . 1 5 1 9 6 5
0 . 1 3 6 7 6 9  0 . 1 2 4 3 3 5  0 . 1 1 3 9 7 4  0 . 1 0 5 2 0 7
1 . 1 8 0 4 5 8  0 . 7 8 6 9 7 2  0 . 5 9 0 2 2 9  0 . 4 7 2 1 8 3  0 . 3 9 3 4 8 6  0 . 3 3 7 2 7 4  0 . 2 9 5 1 1 4  0 . 2 6 2 3 2 4
0 . 2 3 6 0 9 2  0 . 2 1 4 6 2 9  0 . 1 9 6 7 4 3  0 . 1 8 1 6 0 9
1 . 8 5 4 7  1 . 2 3 6 4  0 . 9 2 7 3  0 . 7 4 1 9  0 . 6 1 8 2  0 . 5 2 9 9  0 . 4 6 3 7  0 . 4 1 2 1
0 . 3 7 0 9  0 . 3 3 7 2  0 . 3 0 9 1  0 . 2 8 5 3
2 . 7 1 2 3  1 . 8 0 8 2  1 . 3 5 6 1  1 . 0 8 4 9  0 . 9 0 4 1  0 . 7 7 4 9  0 . 6 7 8 1  0 . 6 0 2 7
0 . 5 4 2 5  0 . 4 9 3 1  0 . 4 5 2 0  0 . 4 1 7 3
3 . 7 5 0 9  2 . 5 0 0 6  1 . 8 7 5 4  1 . 5 0 0 3  1 . 2 5 0 3  1 . 0 7 1 7  0 . 9 3 7 7  0 . 8 3 3 5
0 . 7 5 0 2  0 . 6 8 2 0  0 . 6 2 5 1  0 . 5 7 7 1
4 . 9 6 1 8  3 . 3 0 7 9  2 . 4 8 0 9  1 . 9 8 4 7  1 . 6 5 3 9  1 . 4 1 7 7  1 . 2 4 0 4  1 . 1 0 2 6
0 . 9 9 2 4  0 . 9 0 2 1  0 . 8 2 7 0  0 . 7 6 3 4
6 . 3 3 2 4  4 . 2 2 1 6  3 . 1 6 6 2  2 . 5 3 3 0  2 . 1 1 0 8  1 . 8 0 9 3  1 . 5 8 3 1  1 . 4 0 7 2
1 . 2 6 6 5  1 . 1 5 1 3  1 . 0 5 5 4  0 . 9 7 4 2
7 . 8 4 7 6  5 . 2 3 1 7  3 . 9 2 3 8  3 . 1 3 9 0  2 . 6 1 5 9  2 . 2 4 2 2  1 . 9 6 1 9  1 . 7 4 3 9
1 . 5 6 9 5  1 . 4 2 6 8  1 . 3 0 7 9  1 . 2 0 7 3
9 . 4 9 1 1  6 . 3 2 7 4  4 . 7 4 5 5  3 . 7 9 6 4  3 . 1 6 3 7  2 . 7 1 1 7  2 . 3 7 2 8  2 . 1 0 9 1
1 . 8 9 8 2  1 . 7 2 5 7  1 . 5 8 1 8  1 . 4 6 0 2
♦ k v t a b l e  5 ♦♦ K v a l u e  t a b l e  f o r  C2-5
4 . 0 6 6 0 E - 0 1  2 . 7 1 0 7 E - 0 1  2 . 0 3 3 0 E - 0 1  1 . 6 2 6 4 E - 0 1  1 . 3 5 5 3 E - 0 1  1 . 1 6 1 7 E - 0 1  1 . 0 1 6 5 E - 0 1  9 . 0 3 5 5 E - 0 2
8 . 1 3 20 E -0 2  7 . 3 9 2 7 E - 0 2  6 . 7 7 6 6 E - 0 2  6 . 2 5 5 4 E - 0 2
I . 0893E+00 7 . 2 6 2 1 E - 0 1  5 . 4 4 6 6 E - 0 1  4 . 3 5 7 3 E - 0 1  3 . 6 3 1 0 E - 0 1  3 . 1 1 2 3 E - 0 1  2 . 7 2 3 3 E - 0 1  2 . 4 2 0 7 E - 0 1
2 . 1 7 8 6 E - 0 1  1 . 9 8 0 6 E - 0 1  1 . 8 1 5 5 E - 0 1  1 . 6 7 5 9 E - 0 1
2 . 2 5 1 7  1 . 5 0 1 1  1 . 1 2 5 9  0 . 9 0 0 7  0 . 7 5 0 6  0 . 6 4 3 3  0 . 5 6 2 9  0 . 5 0 0 4
0 . 4 5 0 3  0 . 4 0 9 4  0 . 3 7 5 3  0 . 3 4 6 4
3 . 9 3 1 3  2 . 6 2 0 8  1 . 9 6 5 6  1 . 5 7 2 5  1 . 3 1 0 4  1 . 1 2 3 2  0 . 9 8 2 8  0 . 8 7 3 6
0 . 7 8 6 3  0 . 7 1 4 8  0 . 6 5 5 2  0 . 6 0 4 8
6 . 1 1 1 2  4 . 0 7 4 2  3 . 0 5 5 6  2 . 4 4 4 5  2 . 0 3 7 1  1 . 7 4 6 1  1 . 5 2 7 8  1 . 3 5 8 1
1 . 2 2 2 2  1 . 1 1 1 1  1 . 0 1 8 5  0 . 9 4 0 2
8 . 7 4 1 3  5 . 8 2 7 6  4 . 3 7 0 7  3 . 4 9 6 5  2 . 9 1 3 8  2 . 4 9 7 5  2 . 1 8 5 3  1 . 9 4 2 5
1 . 7 4 8 3  1 . 5 8 9 3  1 . 4 5 6 9  1 . 3 4 4 8
I I . 7 5 5 0  7 . 8 3 6 7  5 . 8 7 7 5  4 . 7 0 2 0  3 . 9 1 8 3  3 . 3 5 8 6  2 . 9 3 8 8  2 . 6 1 2 2
2 . 3 5 1 0  2 . 1 3 7 3  1 . 9 5 9 2  1 . 8 0 8 5
1 5 . 0 8 1 7  1 0 . 0 5 4 5  7 . 5 4 0 9  6 . 0 3 2 7  5 . 0 2 7 2  4 . 3 0 9 1  3 . 7 7 0 4  3 . 3 5 1 5
3 . 0 1 6 3  2 . 7 4 2 1  2 . 5 1 3 6  2 . 3 2 0 3
1 8 . 6 5 3 6  1 2 . 4 3 5 7  9 . 3 2 6 8  7 . 4 6 1 4  6 . 2 1 7 9  5 . 3 2 9 6  4 . 6 6 3 4  4 . 1 4 5 2
3 . 7 3 0 7  3 . 3 9 1 6  3 . 1 0 8 9  2 . 8 6 9 8
2 2 . 4 0 9 2  1 4 . 9 3 9 5  1 1 . 2 0 4 6  8 . 9 6 3 7  7 . 4 6 9 7  6 . 4 0 2 6  5 . 6 0 2 3  4 . 9 7 9 8
4 . 4 8 1 8  4 . 0 7 4 4  3 . 7 3 4 9  3 . 4 4 7 6
2 6 . 2 9 5 4  1 7 . 5 3 0 2  1 3 . 1 4 7 7  1 0 . 5 1 8 1  8 . 7 6 5 1  7 . 5 1 3 0  6 . 5 7 3 8  5 . 8 4 3 4
5 . 2 5 9 1  4 . 7 8 1 0  4 . 3 8 2 6  4 . 0 4 5 4
3 0 . 2 6 6 6  2 0 . 1 7 7 7  1 5 . 1 3 3 3  1 2 . 1 0 6 6  1 0 . 0 8 8 9  8 . 6 4 7 6  7 . 5 6 6 6  6 . 7 2 5 9
6 . 0 5 3 3  5 . 5 0 3 0  5 . 0 4 4 4  4 . 6 5 6 4
3 4 . 2 8 5 2  2 2 . 8 5 6 8  1 7 . 1 4 2 6  1 3 . 7 1 4 1  1 1 . 4 2 8 4  9 . 7 9 5 8  8 . 5 7 1 3  7 . 6 1 8 9
6 . 8 5 7 0  6 . 2 3 3 7  5 . 7 1 4 2  5 . 2 7 4 6
♦ k v t a b l e  6 ♦♦ K v a l u e  t a b l e  f o r  CH4
1 0 . 8 8 6 5  7 . 2 5 7 7  5 . 4 4 3 2  4 . 3 5 4 6  3 . 6 2 8 8  3 . 1 1 0 4  2 . 7 2 1 6  2 . 4 1 9 2
2 . 1 7 7 3  1 . 9 7 9 4  1 . 8 1 4 4  1 . 6 7 4 8
1 8 . 0 1 4 4  1 2 . 0 0 9 6  9 . 0 0 7 2  7 . 2 0 5 8  6 . 0 0 4 8  5 . 1 4 7 0  4 . 5 0 3 6  4 . 0 0 3 2
3 . 6 0 2 9  3 . 2 7 5 4  3 . 0 0 2 4  2 . 7 7 1 5
2 6 . 1 0 9 2  1 7 . 4 0 6 1  1 3 . 0 5 4 6  1 0 . 4 4 3 7  8 . 7 0 3 1  7 . 4 5 9 8  6 . 5 2 7 3  5 . 8 0 2 0
5 . 2 2 1 8  4 . 7 4 7 1  4 . 3 5 1 5  4 . 0 1 6 8
3 4 . 7 1 2 3  2 3 . 1 4 1 5  1 7 . 3 5 6 1  1 3 . 8 8 4 9  1 1 . 5 7 0 8  9 . 9 1 7 8  8 . 6 7 8 1  7 . 7 1 3 8
6 . 9 4 2 5  6 . 3 1 1 3  5 . 7 8 5 4  5 . 3 4 0 4
4 3 . 4 9 1 5  2 8 . 9 9 4 3  2 1 . 7 4 5 8  1 7 . 3 9 6 6  1 4 . 4 9 7 2  1 2 . 4 2 6 1  1 0 . 8 7 2 9  9 . 6 6 4 8
8 . 6 9 8 3  7 . 9 0 7 5  7 . 2 4 8 6  6 . 6 9 1 0
5 2 . 2 2 1 6  3 4 . 8 1 4 4  2 6 . 1 1 0 8  2 0 . 8 8 8 6  1 7 . 4 0 7 2  1 4 . 9 2 0 5  1 3 . 0 5 5 4  1 1 . 6 0 4 8
1 0 . 4 4 4 3  9 . 4 9 4 8  8 . 7 0 3 6  8 . 0 3 4 1
6 0 . 7 5 7 3  4 0 . 5 0 4 9  3 0 . 3 7 8 6  2 4 . 3 0 2 9  2 0 . 2 5 2 4  1 7 . 3 5 9 2  1 5 . 1 8 9 3  1 3 . 5 0 1 6
1 2 . 1 5 1 5  1 1 . 0 4 6 8  1 0 . 1 2 6 2  9 . 3 4 7 3
6 9 . 0 0 9 7  4 6 . 0 0 6 5  3 4 . 5 0 4 9  2 7 . 6 0 3 9  2 3 . 0 0 3 2  1 9 . 7 1 7 1  1 7 . 2 5 2 4  1 5 . 3 3 5 5
1 3 . 8 0 1 9  1 2 . 5 4 7 2  1 1 . 5 0 1 6  1 0 . 6 1 6 9
7 6 . 9 2 8 6  5 1 . 2 8 5 8  3 8 . 4 6 4 3  3 0 . 7 7 1 5  2 5 . 6 4 2 9  2 1 . 9 7 9 6  1 9 . 2 3 2 2  1 7 . 0 9 5 3
1 5 . 3 8 5 7  1 3 . 9 8 7 0  1 2 . 8 2 1 4  1 1 . 8 3 5 2
8 4 . 4 8 9 6  5 6 . 3 2 6 4  4 2 . 2 4 4 8  3 3 . 7 9 5 8  2 8 . 1 6 3 2  2 4 . 1 3 9 9  2 1 . 1 2 2 4  1 8 . 7 7 5 5
1 6 . 8 9 7 9  1 5 . 3 6 1 7  1 4 . 0 8 1 6  1 2 . 9 9 8 4
9 1 . 6 8 5 0  6 1 . 1 2 3 4  4 5 . 8 4 2 5  3 6 . 6 7 4 0  3 0 . 5 6 1 7  2 6 . 1 9 5 7  2 2 . 9 2 1 3  2 0 . 3 7 4 5
1 8 . 3 3 7 0  1 6 . 6 7 0 0  1 5 . 2 8 0 8  1 4 . 1 0 5 4
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9 8 . 5 1 8 3  6 5 . 6 7 8 9  4 9 . 2 5 9 2  3 9 . 4 0 7 3  3 2 . 8 3 9 4  
1 9 . 7 0 3 7  1 7 . 9 1 2 4  1 6 . 4 1 9 7  1 5 . 1 5 6 7
2 8 . 1 4 8 1 2 4 . 6 2 9 6 2 1 . 8 9 3 0
1 0 4 . 9 9 9 7  6 9 . 9 9 9 8  5 2 . 4 9 9 9  4 1 . 9 9 9 9  3 4 . 9 9 9 9  
2 0 . 9 9 9 9  1 9 . 0 9 0 9  1 7 . 5 0 0 0  1 6 . 1 5 3 8  
* k v t a b l e  7 ** K v a l u e  t a b l e  f o r  C02
2 9 . 9 9 9 9 2 6 . 2 4 9 9 2 3 . 3 3 3 3
2 . 4 9 1 4  1 . 6 6 0 9  1 . 2 4 5 7  0 . 9 9 6 6  0 . 8 3 0 5  
0 . 4 9 8 3  0 . 4 5 3 0  0 . 4 1 5 2  0 . 3 8 3 3
0 . 7 1 1 8 0 . 6 2 2 9 0 . 5 5 3 6
6 . 8 2 4 9  4 . 5 5 0 0  3 . 4 1 2 5  2 . 7 3 0 0  2 . 2 7 5 0  
1 . 3 6 5 0  1 . 2 4 0 9  1 . 1 3 7 5  1 . 0 5 0 0
1 . 9 5 0 0 1 . 7 0 6 2 1 . 5 1 6 7
1 4 . 3 4 1 1  9 . 5 6 0 7  7 . 1 7 0 5  5 . 7 3 6 4  4 . 7 8 0 4  
2 . 8 6 8 2  2 . 6 0 7 5  2 . 3 9 0 2  2 . 2 0 6 3
4 . 0 9 7 5 3 . 5 8 5 3 3 . 1 8 6 9
2 5 . 3 5 5 3  1 6 . 9 0 3 5  1 2 . 6 7 7 6  1 0 . 1 4 2 1  8 . 4 5 1 8  
5 . 0 7 1 1  4 . 6 1 0 1  4 . 2 2 5 9  3 . 9 0 0 8
7 . 2 4 4 4 6 . 3 3 8 8 5 . 6 3 4 5
3 9 . 8 1 0 3  2 6 . 5 4 0 2  1 9 . 9 0 5 2  1 5 . 9 2 4 1  1 3 . 2 7 0 1  
7 . 9 6 2 1  7 . 2 3 8 2  6 . 6 3 5 1  6 . 1 2 4 7
1 1 . 3 7 4 4 9 . 9 5 2 6 8 . 8 4 6 7
5 7 . 4 0 5 7  3 8 . 2 7 0 5  2 8 . 7 0 2 9  2 2 . 9 6 2 3  1 9 . 1 3 5 2  
1 1 . 4 8 1 1  1 0 . 4 3 7 4  9 . 5 6 7 6  8 . 8 3 1 7
1 6 . 4 0 1 6 1 4 . 3 5 1 4 1 2 . 7 5 6 8
7 7 . 7 1 5 6  5 1 . 8 1 0 4  3 8 . 8 5 7 8  3 1 . 0 8 6 2  2 5 . 9 0 5 2  
1 5 . 5 4 3 1  1 4 . 1 3 0 1  1 2 . 9 5 2 6  1 1 . 9 5 6 2
2 2 . 2 0 4 5 1 9 . 4 2 8 9 1 7 . 2 7 0 1
1 0 0 . 2 7 2 0  6 6 . 8 4 8 0  5 0 . 1 3 6 0  4 0 . 1 0 8 8  3 3 . 4 2 4 0  
2 0 . 0 5 4 4  1 8 . 2 3 1 3  1 6 . 7 1 2 0  1 5 . 4 2 6 5
2 8 . 6 4 9 1 2 5 . 0 6 8 0 2 2 . 2 8 2 7
1 2 4 . 6 1 6 6  8 3 . 0 7 7 7  6 2 . 3 0 8 3  4 9 . 8 4 6 6  4 1 . 5 3 8 9  
2 4 . 9 2 3 3  2 2 . 6 5 7 6  2 0 . 7 6 9 4  1 9 . 1 7 1 8
3 5 . 6 0 4 7 3 1 . 1 5 4 1 2 7 . 6 9 2 6
1 5 0 . 3 2 8 4  1 0 0 . 2 1 8 9  7 5 . 1 6 4 2  6 0 . 1 3 1 4  5 0 . 1 0 9 5  
3 0 . 0 6 5 7  2 7 . 3 3 2 4  2 5 . 0 5 4 7  2 3 . 1 2 7 4
4 2 . 9 5 1 0 3 7 . 5 8 2 1 3 3 . 4 0 6 3
1 7 7 . 0 3 6 2  1 1 8 . 0 2 4 1  8 8 . 5 1 8 1  7 0 . 8 1 4 5  5 9 . 0 1 2 1  
3 5 . 4 0 7 2  3 2 . 1 8 8 4  2 9 . 5 0 6 0  2 7 . 2 3 6 3
5 0 . 5 8 1 8 4 4 . 2 5 9 0 3 9 . 3 4 1 4
2 0 4 . 4 2 1 4  1 3 6 . 2 8 0 9  1 0 2 . 2 1 0 7  8 1 . 7 6 8 5  6 8 . 1 4 0 5  
4 0 . 8 8 4 3  3 7 . 1 6 7 5  3 4 . 0 7 0 2  3 1 . 4 4 9 4
5 8 . 4 0 6 1 5 1 . 1 0 5 3 4 5 . 4 2 7 0
2 3 2 . 2 1 6 1  1 5 4 . 8 1 0 7  1 1 6 . 1 0 8 0  9 2 . 8 8 6 4  7 7 . 4 0 5 4  
4 6 . 4 4 3 2  4 2 . 2 2 1 1  3 8 . 7 0 2 7  3 5 . 7 2 5 6  
* k v t a b l e  8 ** K v a l u e  t a b l e  f o r  N2
6 6 . 3 4 7 5 5 8 . 0 5 4 0 5 1 . 6 0 3 6
2 7 . 0 1 8 8  1 8 . 0 1 2 5  1 3 . 5 0 9 4  1 0 . 8 0 7 5  9 . 0 0 6 3  
5 . 4 0 3 8  4 . 9 1 2 5  4 . 5 0 3 1  4 . 1 5 6 7
7 . 7 1 9 7 6 . 7 5 4 7 6 . 0 0 4 2
3 8 . 0 4 8 3  2 5 . 3 6 5 5  1 9 . 0 2 4 1  1 5 . 2 1 9 3  1 2 . 6 8 2 8  
7 . 6 0 9 7  6 . 9 1 7 9  6 . 3 4 1 4  5 . 8 5 3 6
1 0 . 8 7 0 9 9 . 5 1 2 1 8 . 4 5 5 2
4 8 . 9 6 4 5  3 2 . 6 4 3 0  2 4 . 4 8 2 2  1 9 . 5 8 5 8  1 6 . 3 2 1 5  
9 . 7 9 2 9  8 . 9 0 2 6  8 . 1 6 0 7  7 . 5 3 3 0
1 3 . 9 8 9 8 1 2 . 2 4 1 1 1 0 . 8 8 1 0
5 9 . 4 2 2 5  3 9 . 6 1 5 0  2 9 . 7 1 1 3  2 3 . 7 6 9 0  1 9 . 8 0 7 5  
1 1 . 8 8 4 5  1 0 . 8 0 4 1  9 . 9 0 3 8  9 . 1 4 1 9
1 6 . 9 7 7 9 1 4 . 8 5 5 6 1 3 . 2 0 5 0
6 9 . 2 6 3 8  4 6 . 1 7 5 9  3 4 . 6 3 1 9  2 7 . 7 0 5 5  2 3 . 0 8 7 9  
1 3 . 8 5 2 8  1 2 . 5 9 3 4  1 1 . 5 4 4 0  1 0 . 6 5 6 0
1 9 . 7 8 9 7 1 7 . 3 1 6 0 1 5 . 3 9 2 0
7 8 . 4 3 4 0  5 2 . 2 8 9 3  3 9 . 2 1 7 0  3 1 . 3 7 3 6  2 6 . 1 4 4 7  
1 5 . 6 8 6 8  1 4 . 2 6 0 7  1 3 . 0 7 2 3  1 2 . 0 6 6 8
2 2 . 4 0 9 7 1 9 . 6 0 8 5 1 7 . 4 2 9 8
8 6 . 9 3 4 5  5 7 . 9 5 6 3  4 3 . 4 6 7 2  3 4 . 7 7 3 8  2 8 . 9 7 8 2  
1 7 . 3 8 6 9  1 5 . 8 0 6 3  1 4 . 4 8 9 1  1 3 . 3 7 4 5
2 4 . 8 3 8 4 2 1 . 7 3 3 6 1 9 . 3 1 8 8
9 4 . 7 9 5 2  6 3 . 1 9 6 8  4 7 . 3 9 7 6  3 7 . 9 1 8 1  3 1 . 5 9 8 4  
1 8 . 9 5 9 0  1 7 . 2 3 5 5  1 5 . 7 9 9 2  1 4 . 5 8 3 9
2 7 . 0 8 4 3 2 3 . 6 9 8 8 2 1 . 0 6 5 6
1 0 2 . 0 5 9 2  6 8 . 0 3 9 5  5 1 . 0 2 9 6  4 0 . 8 2 3 7  3 4 . 0 1 9 7  
2 0 . 4 1 1 8  1 8 . 5 5 6 2  1 7 . 0 0 9 9  1 5 . 7 0 1 4
2 9 . 1 5 9 8 2 5 . 5 1 4 8 2 2 . 6 7 9 8
1 0 8 . 7 7 4 1  7 2 . 5 1 6 1  5 4 . 3 8 7 1  4 3 . 5 0 9 7  3 6 . 2 5 8 0  
2 1 . 7 5 4 8  1 9 . 7 7 7 1  1 8 . 1 2 9 0  1 6 . 7 3 4 5
3 1 . 0 7 8 3 2 7 . 1 9 3 5 2 4 . 1 7 2 0
1 1 4 . 9 8 7 6  7 6 . 6 5 8 4  5 7 . 4 9 3 8  4 5 . 9 9 5 1  3 8 . 3 2 9 2  
2 2 . 9 9 7 5  2 0 . 9 0 6 8  1 9 . 1 6 4 6  1 7 . 6 9 0 4
3 2 . 8 5 3 6 2 8 . 7 4 6 9 2 5 . 5 5 2 8
1 2 0 . 7 4 5 2  8 0 . 4 9 6 8  6 0 . 3 7 2 6  4 8 . 2 9 8 1  4 0 . 2 4 8 4  
2 4 . 1 4 9 0  2 1 . 9 5 3 7  2 0 . 1 2 4 2  1 8 . 5 7 6 2
3 4 . 4 9 8 6 3 0 . 1 8 6 3 2 6 . 8 3 2 3
1 2 6 . 0 8 9 1  8 4 . 0 5 9 4  6 3 . 0 4 4 5  5 0 . 4 3 5 6  4 2 . 0 2 9 7  
2 5 . 2 1 7 8  2 2 . 9 2 5 3  2 1 . 0 1 4 8  1 9 . 3 9 8 3
3 6 . 0 2 5 4 3 1 . 5 2 2 3 2 8 . 0 1 9 8
* *  R e f e r e n c e  c o n d i t i o n s
* p r s r  1 4 . 7  * t emr  60 * p s u r f  1 4 . 7  * t s u r f  60
* *  PRSR 6 0 0 . 0  ** r e f e r e n c e  p r e s s u r e .  c o r r e s p o n d i n g  t o  t h e  d e n s i t y
** TEMR 1 7 5 . 0  ** r e f e r e n c e  t e m p e r a t u r e .  c o r r e s p o n d i n g  t o  t h e  d e n s i t y
** PSURF 1 4 . 7  ** p r e s s u r e  a t  s u r f a c e .  f o r  r e p o r t i n g  w e l l  r a t e s ,  e t c .
* *  TSURF 6 2 . 3  ** t e m p e r a t u r e  a t  s u r f a c e ,  f o r  r e p o r t i n g  w e l l  r a t e s ,  e t c .
** ============== rock- f l u i d  p r o p e r t i e s  ======================
♦ r o c k f l u i d
* sw t  ** W a t e r - o i l  r e l a t i v e  p e r m e a b i l i t i e s
** S i w = Swi r  = 0 . 2 4  Sorw = 0 . 3  So r g  = 0 . 1  Sg c  = 0 . 0 6
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♦♦ Kroiw  
♦♦ Sw




0 . 2 4 0 0 . 4
0 . 2 8 1 8 1 8 0 . 0 0 0 2 4 9 0 . 3 3 0 5 7 9
0 . 3 2 3 6 3 6 0 . 0 0 1 4 1 0 . 2 6 7 7 6 9
0 . 3 6 5 4 5 5 0 . 0 0 3 8 8 4 0 . 2 1 1 5 7
0 . 4 0 7 2 7 3 0 . 0 0 7 9 7 4 0 . 1 6 1 9 8 3
0 . 4 4 9 0 9 1 0 . 0 1 3 9 3 0 . 1 1 9 0 0 8
0 . 4 9 0 9 0 9 0 . 0 2 1 9 7 3 0 . 0 8 2 6 4 5
0 . 5 3 2 7 2 7 0 . 0 3 2 3 0 5 0 . 0 5 2 8 9 3
0 . 5 7 4 5 4 5 0 . 0 4 5 1 0 7 0 . 0 2 9 7 5 2
0 . 6 1 6 3 6 4 0 . 0 6 0 5 5 1 0 . 0 1 3 2 2 3
0 . 6 5 8 1 8 2 0 . 0 7 8 7 9 9 0 . 0 0 3 3 0 6
0 . 7 0 . 1 0
**SL 
* *
♦♦ L i qu i d - - g a s  r e l a t i v e p e r m e a b i l i t i e s
Krg Krog
0 . 2 4 0 . 2 0
0 . 3 4 0 . 1 5 8 7 1 2 0
0 . 3 7 7 5 0 . 1 4 4 0 6 8 0 . 0 0 0 6 4 6
0 . 4 1 5 0 . 1 2 9 9 0 4 0 . 0 0 5 1 6 5
0 . 4 5 2 5 0 . 1 1 6 2 3 7 0 . 0 1 1 6 2 2
0 . 4 9 0 . 1 0 3 0 8 6 0 . 0 2 0 6 6 1
0 . 5 2 7 5 0 . 0 9 0 4 7 3 0 . 0 3 2 2 8 3
0 . 5 6 5 0 . 0 7 8 4 2 1 0 . 0 4 6 4 8 8
0 . 6 0 2 5 0 . 0 6 6 9 5 7 0 . 0 6 3 2 7 5
0 . 6 4 0 . 0 5 6 1 1 3 0 . 0 8 2 6 4 5
0 . 6 7 7 5 0 . 0 4 5 9 2 8 0 . 1 0 4 5 9 7
0 . 7 1 5 0 . 0 3 6 4 4 7 0 . 1 2 9 1 3 2
0 . 7 5 2 5 0 . 0 2 7 7 2 6 0 . 1 5 6 2 5
0 . 7 9 0 . 0 1 9 8 3 9 0 . 1 8 5 9 5
0 . 8 2 7 5 0 . 0 1 2 8 8 6 0 . 2 1 8 2 3 3
0 . 8 6 5 0 . 0 0 7 0 1 4 0 . 2 5 3 0 9 9
0 . 9 0 2 5 0 . 0 0 2 4 8 0 . 2 9 0 5 4 8
0 . 9 4 0 . 0 . 3 3 0 5 7 9
1 0 . 0 . 4
♦ i n i t i a l
INITIAL CONDITIONS
** A u t o m a t i c  s t a t i c  v e r t i c a l  e q u i l i b r i u m -  v e r t i c a l - o n  - r e f p r e s = 7 5  p s i  r e f e r e n c e  p r e s s u r e  
♦♦ p s t e p = 3  v e r t i c a l  e q u i l i b r i u m  i s  done  w i t h  3 t i m e s t e p s  w i t h  z e r o  s o u r c e s  and s i n k s ,  
♦ v e r t i c a l  ♦on ♦ p s t e p  75 ♦ r e f p r e s  6440 ♦ r e f d e p t h  8205 ♦ r e f b l o c k  1 1 1
♦SW ♦con 0 . 4 5  
♦♦ ♦SO ♦con 0 . 5 5
♦temp ♦con 2 10 .
♦♦ So by d i f f e r e n c e ,  s i n c e  Sg = 0
♦♦ i n i t i a l  g a s  s a t u r a t i o n  i s  0 . 0 0
** 1 2 3 4 5 6 7 8 9 10 11
♦♦ ' H20 ' ' C21+' ' C 1 0 - 2 0 '  ' C 6 - 9 ' ' C 2 - 5 ' ' CH4' ' C0 2 ' ' N2' ' 0 2 '  'CO' 'COKE
♦♦ ♦ m o l e f r a c  ♦ g a s  ♦ c on  4^0. .0 0 . 0 0 0 1 0 . 9 9 9 9  0 . 0 0. 0 0 . 0 0 . 0
♦♦ I n i t i a l  p e t r o l e u m  p h a s e f r a c t i o n a r e : C 2 1 + = 0 . 3587 554 8 C l l - 2 0 = =0 . 373 609 06
* ★ C6-10=0. . 1 92 9 32 9 2  Cl - 5 =0 . 0 74 7 0 2 5 5
* * 1 2 3 4 5 6 7 8 9 10 11
♦♦ ' H20 ' ' C21+' ' C 1 0 - 2 0 '  ' C6- 9' ' C 2 - 5 ' ' CH4' ' C0 2 ' ' N2' ' 0 2 '  'CO' 'COKE
♦ m o l e f r a c  ^011  ♦con 0 . 0 0 . 1 3 9 9 0 . 1 6 0 5  0 . 0 6 0 4 7 0 . 2 3 9 1 0 . 2 2 9  0 . 0 0 . 0
♦♦ ============== NUMERICAL CONTROL =====
♦ n u m e r i c a l  ♦♦ A l l  t h e s e  c an b e  d e f a u l t e d .
♦♦ h e r e  m at ch  t h e  p r e v i o u s  d a t a .
The d e f i n i t i o n s
♦DTMAX 0 . 1
♦ m a xs t e ps  36500 ♦ n o r t h  10 ♦ ne wt o nc y c  29 ♦ i t e r m a x  120  
♦ u n r e l a x  - 1  ♦ p i v o t  #on ♦ pv tosc max  15
♦norm p r e s s  280 s a t u r  0 . 3 9  temp 250  
♦ c o n v e r g e
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* p r e s s  4 . 3 5  
* s a t u r  0 . 0 4 9  
*temp 1 . 7 9  
*y 0 . 0 9  
*x  0 . 0 9  
*w 0 . 0 9  
* z o  0 . 0 4  
* z n c g  0 . 0 4  
*z aq  0 . 5  
♦ w e l l r e s  1 
♦ m a t b a l t o l  1
*run
** ============== RECURRENT DATA
** P r o j e c t  s t a r t s  on z e r o  t i m e  and  
t i m e  0 d t w e l l  . 0 0 0 1
d t w e l .  t h e  s t a r t i n g  t i m e  s t e p  s i z e  i s  0 . 1  d a y s  





OPERATE MAX l i q u i d  2300  
OPERATE MIN bhp 5500  
MONITOR MAX wor 9 s h u t i n  




0 . 3 7 5
RAD





** Maximum L i q u i d  R a t e  2000  - 1600 B/D 
** Minimum BHP 5500  - 5900  p s i  
** Maximum WOR=9:1 o r  w a t e r - c u t  90%
3
3 : 8
f f i r  j r  kr w i  = 0 . 0 0 7 0 8 2  *k * h /  l n ( 0 . 5  * r e
DOWNDIP PRDCR'





OPERATE MAX l i q u i d  2300  
OPERATE MIN bhp 5500  
** OPERATE MIN bhp 5100  
MONITOR MAX wor 9 s h u t i n  
PERF *GEO 2
** i  j
4 4 : 7
RAD
0 . 2 4 9
** o o o o  o
GEOFAC WFRAC SKIN
1 . 0  0 . 0
** Maximum L i q u i d  R a t e  2000  - 1600 B/D 
** Minimum BHP 5500  - 5900 p s i  
** Minimum BHP 5500  - 5900  p s i  
** Maximum W0R=»9:1 o r  w a t e r - c u t  90%
f f i r  j r  kr w i  =* 0 . 0 0 7 0 8 2  *k * h /  l n ( 0 . 5  * r e  ,
it*
TIME 0 . 0 0 0 0 1
TIME
oH
TIME 3 1 . 0
TIME 9 0 . 0
TIME 1 1 5 . 0
TIME 1 8 2 . 6 2 5








GEOMETRY *K 0 . 3 7 5
INJECTOR mobwei ght  3
OPERATE MAX WATER 4 5 0 0 .  ** Maximum Water I n j e c t i o n  R a t e  4 . 5BBLS/D
RAD
0 . 2 4 9 1.0 0 . 0




** Maximum I n j e c t i o n  B H Pr e ss u re  6900  - 6700 p s i  
1 2 3 4 5 6 7 8 9  10
' H20' ' C21+' ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' 'C02'  'N2'  ' 0 2 '  'CO' '
1 9 * 0 . 0
TINJOV 210  
** g e o m e t r y  - 1 0  0 0 






** I n j e c t i o n  WATER Te mpe rat ure  
** Us e  t u b e - e n d ' o p t i o n
k f f  
1
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TIME 5 4 7 . 8 7 5







GEOMETRY *K 0 . 3 7 5
INJECTOR mobwei ght  4 
OPERATE MAX g a s  6 5 00 0 0 0 0 .  
OPERATE MAX bhp 680 0.
** \
RAD
0 . 2 4 9
GEOFAC WFRAC SKIN
1 . 0 0 . 0
' H20' ’ C21+
INCOMP GAS 6*0 .
TINJOV 250
** g e o m e t r y  - 1 0  0 0
i  
20
** Maximum Gas I n j e c t i o n  Rat e  15 - 4 . 5MMSCFD
** Maximum I n j e c t i o n  BHPr essure  6900 - 6700  p s i  
2 3 4 5 6 7 8 9  10 11
' C 1 0 - 2 0 '  ' C 6 - 9 ' ' C2 - 5 '  ' CH4' ' C02'  'N2'  ' 0 2 '  'CO' 'COKE'
0 0 . 7 9  0 . 2 1  0 . 0
** A i r  i n j e c t i o n  21% 02 & 79% N2 
** I n j e c t i o n  Gas T e m p e ra t ur e  300 oF 





TIME 9 1 3 . 1 2 5
TIME 1 0 9 5 . 7 5
TIME 14 6 1.
TIME 1 8 2 6 . 2 5
TIME 2 1 9 1 . 5
TIME 2 5 5 6 . 7 5
TIME 2 922 .
TIME 3 2 8 7 . 2 5
TIME 3650 s t o p
3
3 : 8
k f f  
1
i r  j r  kr w i  = 0 . 0 0 7 0 8 2  *k * h /  l n ( 0 . 5  * r e  /  rw)
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* * -----------------------------------------------------------------------------------------------------------------------------------------------------------------------
♦♦ LIGHT OIL IN-SITU COMBUSTION
** HORIZONTAL PRODUCER DOWNDIP HP- VERTICAL INJECTOR UPDIP VI.
* * -----------------------------------------------------------------------------------------------------------------------------------------------------------------------
♦♦ T h i s  i s  STARS d a t a  s e t  f o r  F i e l d  S c a l e  L i ght /Me di um O i l  I n - S i t u  Combust ion  
** DOWDIP HORIZONTAL PRODUCER - UPDIP VERTICAL INJECTOR PREDICTION CASE- MR = 1 . 2 7 3 5  ME. 
♦♦ AUSTRALIAN CRUDE TYPE 
♦♦ LIGHT/MEDIUM OIL -  CLAIR TYPE 
♦♦ F e a t u r e s :
♦♦ 1)  N i n e - p o i n t  d i s c r e t i z a t i o n  i n  t h e  a r e a l  p l a n e .
♦♦ 2) D i s t i n c t  p e r m e a b i l i t y  l a y e r i n g .
♦♦ 3) F i v e  h y d r o c a r b o n  c om po ne nt s ,  11 p s e u d o - c o m p o n e n t s  i n  t o t a l
♦♦ 4)  A u t o m a t i c  i n i t i a l  v e r t i c a l  e q u i l i b r i u m  c a l c u l a t i o n .
** 5) M u l t i - l a y e r  w e l l  w i t h  a d d i t i o n a l  i n j e c t i o n  and p r o d u c t i o n
♦♦ o p e r a t i n g  c o n s t r a i n t s .
♦♦ 6) Four c o m b u s t i o n  r e a c t i o n s :
** (a)  c r a c k i n g  o f  l i g h t  o i l  t o  c o k e .
** (b)  g a s  b u r n i n g .
♦♦ ( c )  l i g h t  o i l  b u r n i n g .
♦♦ (d)  c o k e  b u r n i n g .
♦♦ Bu r ni n g  p r o d u c e s  w a t e r  and C0+C02 m i x t u r e .
♦♦ 7)  Ch em ic a l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  MR = 1 . 2 7 3 5  ME
♦ ♦ 8) High i n i t i a l  p r e s s u r e  6440 p s i a .
♦♦ 9)  S i m u l a t i o n  s t o p s  when p r o d u c i n g  e nd r e a c h e s  600 F.
♦♦ 10)  Sharp c h a n g e s  i n  o i l  v i s c o s i t y  o c c u r  a t  t h e  s t e am  f r o n t
♦ ♦ ============== INPUT/OUTPUT CONTROL ======================
f i l e n a m e  o u t p u t  i n d e x - o u t  m a i n - r e s u l t s - o u t  ♦♦ U i e  d e f a u l t  f i l e  names
♦ t i t l e l  'LIGHT OIL IN-SITU COMBUSTION.1 
* T i t l e 2  'DOWNDIP HORIZONTAL PRODUCER - '
* t i t l e 3  'UPDIP VERTICAL INJECTOR- PREDICTION CASE. '
♦ i n u n i t  ♦ f i e l d  ♦♦ o u t p u t  same a s  i n p u t
♦ o u t pr n  ♦ g r i d  ♦ p r e s  ♦sw ♦ s o  * s g  ♦temp * y  ♦x ♦w ♦ s o l c o n c  
♦ o b h l o s s  ♦ v i s o  
♦ o u t p r n  ♦ w e l l  ♦ a l l
♦ w r s t  20 +wprn ♦ g r i d  300 ^wprn ♦ i t e r  300
♦♦ ♦REWIND 1
♦♦ ♦RESTART 8980
o u t s r f  g r i d  p r e s  s o  s g  temp
o u t s r f  s p e c i a l  m a t b a l  w e l l  2 ♦♦ C u m u l a t i v e  l i t e  o i l  pr oduce d
m a t b a l  w e l l  3 ♦♦ C u m u l a t i v e  medm o i l  pr o du ce d
m a t b a l  w e l l  4 ♦♦ C u m u l a t i v e  he v y  o i l  pr o du ce d
o b h l o s s  ♦♦ C u m u l a t i v e  h e a t  l o s s
b l k v a r  s g  0 1 ♦♦ Te mpe ra tu re  i n  b l o c k  ( 1 . 1 . 1 )
b l k v a r  s o  0 23 ♦♦ O i l  s a t u r a t i o n
b l k v a r  p r e s  0 23 ♦♦ P r e s s u r e
♦PARTCLMLWT 1 3 . 6  ♦♦ COKE ( CH I . 6) MOLECULAR WEIGHT IS 1 3 . 6
**  ----------------- —  GRID AND RESERVOIR DEFINITION  --------- =========—
♦ g r i d  ♦ c a r t  22 9 5
♦ d i  ♦ i v a r  3 8 4 . 8  3 ^ 1 9 2 . 4 1  1 7 ^ 9 6 . 2 1  1 4 4 . 3 2  
♦dj ♦con 9 6 . 2 1
♦dk ♦kva r  3 5 . 7  3 5 . 2  3 4 . 8  3 4 . 5  3 4 . 6  
♦ dt o p ♦ i v a r
8620 8600 8580 8560 8540 8520 8500 8480 8460 8440 8420 8400  
8380 8360 8340 8320 8300 8280 8260 8240 8220 8200  
♦♦ 839 0 8380 8370 8360 8350 8340 8330 8320 8310 8300 8290 8280
♦♦ 8270  8265 8260 8255 8250 8240 8230 8220 8210 8200
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* p o r  * co n 0 . 1 9 2 6 4
* pe r m i  * k v ar  3 * 1 1 0 0 . 0  2 * 1 3 0 0 . 0  *permj * e q u a l s i  *permk * e q u a l s i  /  10
** * pe rmi  * kv a r  3 * 1 0 8 2 - 8 7 2  2 - 6 7 2 * 9 9 7 - 6 9 7 . 6 - 5 9 7  *permj * e q u a l s i  *permk * e q u a l s i  /  10
* c p o r  6 . 1 2 3 e - 5  * p rp or  1000  * r o c k c p  3 5 . 6  
* t h c o n r  36 * t hc onw 36 * t h c o n o  36 * t h c o n g  36 
* h l o s s p r o p  o v e r b u r  3 5 . 6  36 underbur  3 5 . 6  36
** — ========-------  FLUID DEFINITIONS — ====================
** LIGT/MEDIUM OIL (CLRPVT96.XLS)
♦model  11 10 8 ** Number o f  n o n c o n d e n s i b l e  g a s e s  i s  numy-numx = 2
** Number o f  s o l i d  c ompone nt s  i s  ncomp-numy = 1 
** N2 & C02 s o l u b l e  i n  t h e  l i q u i d  p e t r o l e u m  p h a s e
** 02 & CO o n l y  i n  t h e  g a s  p h a s e  i n s o l u b l e  i n  t h e  l i q u i d  p e t r o l e u m  p h a s e
♦compname 'H20'  'C21+'  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4' 'C02'  'N2'  ' 0 2 '  'CO' 'COKE'
*★     ______
*cmm 18 5 3 9 . 3 7  2 0 9 . 7 2  1 0 2 . 0 6  4 6 . 9 3  1 6 . 0 4 3  4 4 . 0 1  2 8 . 0 1 3  32 2 8 . 0 1
* p c r i t  3155 2 5 2 . 4 4  2 7 3 . 6 8  3 9 1 . 3 1  6 0 9 . 9 3  6 6 7 . 2  1 0 7 1 . 0  4 9 2 . 3 1  730 5 0 7 . 5
* t c r i t  7 0 5 . 7  8 3 2 . 1 7  8 0 9 . 3 5  5 2 2 . 9 2  2 1 3 . 8 2  - 1 1 6 . 5 9  8 7 . 5 6  - 2 3 2 . 5 1  - 1 8 1 . 7 2  - 2 2 0 . 7 8
* a v g  0 3 . 9 2 6 e - 6 3 . 8 7 6 e - 6  3 . 1 5 6 e - 6  2 . 1 6 6 e - 6  2 . 1 2 7 e - 4  2 . 1 9 6 0 e - 4  2 . 1 9 6 0 e - 4  2 . 1 9 6 0 e - 4  2 . 1 9 6 0 e - 4
*bvg  0 1 . 1 0 2  1 . 0 5 6  1 . 0 0 5  0 . 9 4 3  0 . 7 2 1  0 . 7 2 1  0 . 7 2 1  0 . 7 0 2  0 . 7 0 2
♦ a v i s c  0 4 . 0 2 e - 4  4 . 0 2 e - 4  4 . 0 2 e - 4  4 . 0 2 e - 4  4 . 0 2 e - 4  4 . 0 2 e - 4  4 . 0 2 e - 4
* b v i s c  0 6 1 2 1 . 6  6 1 2 1 . 6  6 1 2 1 . 6  6 1 2 1 . 6  6 1 2 1 . 6  6 1 2 1 . 6  6 1 2 1 . 6
** *AVISC 0 . 0  9 . 0 3 6 E - 0 2  1 . 4 1 1 E - 0 1  1 . 8 7 7 E - 0 1  2 . 0 0 3 E - 0 1  1 . 6 2 5 E - 0 1  2 . 7 4 5 E - 0 1  1 . 8 0 1 E - 0 1
** *BVISC 0 . 0  1 7 9 4 . 1 9  1 1 2 0 . 8 3  6 9 6 . 0 3  3 5 9 . 1 4  1 5 4 . 6 2  3 2 8 . 7 4  1 0 7 . 3 9
♦mol den 0 0 . 0 4 8 1  0 . 1 3 0 9  0 . 2 0 0 0  0 . 2 0 2 4  0 . 4 0 2 4  0 . 6 6 2 3  0 . 6 9 4 4  ** LBMOLE/FT3
*cp 0 3 . 9 e - 6  4 e - 6  4 . 5 e - 6  5 e - 6  6 . 5 e - 6  7 e - 6  7 . 5 e - 6
**cmpnm 'H20'  'C21+'  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4' 'C02'  'N2'  ' 0 2 '  'CO' 'COKE'
* c t l  0 1 . 4 e - 4  1 . 4 9 6 e - 4  1 . 9 5 8 e - 4  2 . 5 2 7 e - 4  2 . 6 4 9 e - 4  2 . 8 3 9 e - 4  2 . 8 3 9 e - 4
A ★
** CHEMICAL REACTION 1 - C r a ck i n g:  C21+ - > CH4 + Coke
♦compname 'H20'  'C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' ' C02'  'N2
♦ s t o r e a c  0 1 0  0 0 0  0 0
♦ s t o p r o d  0 0 0 0 0 7 . 4 2 2 5 8  0 0
♦ f r e q f a c  1 . 0 e 5  * e a c t  38000 * r e n t h  0
** * f r e q f a c  2 . I e 5  * e a c t  25000  * r e n t h  0 
★ ★ — — -  —
** CHEMICAL REACTION 2 - C r ac k in g:  C21+ -> C2-C5 + Coke
♦compname 'H20'  'C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' ' C02'  'N2'
* *
♦ s t o r e a c  0 1 0  0 0 0  0 0
♦ s t o p r o d  0 0 0 0 5 . 2 1 2 5 4  0 0 0
♦ f r e q f a c  0 . 7 e 5  * e a c t  39000  * r e n t h  0
** * f r e q f a c  2 . 1 e 5  * e a c t  25000 * r e n t h  0 
* * -----------------------------------------------------------------------------------------------------------------------
** CHEMICAL REACTION 3 - C r ac k i ng :  C10-C20 - >  CH4 + Coke
♦compname 'H20'  'C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' 'C02'  'N2'
**
♦ s t o r e a c  0 0 1  0 0 0  0 0
♦ s t o p r o d  0 0 0 0 0 3 . 3 5 4 0 6  0 0
♦ f r e q f a c  0 . 5 e 5  * e a c t  45 000  * r e n t h  0
** * f r e q f a c  2 . 0 e 5  * e a c t  27000 * r e n t h  0
* * ----------------------------------------------------------------------------------------
** CHEMICAL REACTION 4-  Heavy O i l  Bu rn in g :  C21+ + 02 -> H20 + C
♦compname 'H20'  'C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' ' C02'  'N2'
*★           ___
♦ s t o r e a c  0 1 0  0 0 0  0 0  3 8 . 9 6 8 5  0 0
♦ s t o p r o d  3 9 . 5 8 7 1  0 0 0 0 0  0 0 0  3 8 . 5 1  0
♦ f r e q f a c  3 . 0 2 0 e l 0  * e a c t  13500 * r e n t h  1 0 2 9 3 . 9  
** *RTEMLOWR 7 9 0 . 0  
** *RTEMUPR 7 9 0 . 1
+ * --------------------------------------------------------------------------------------------------------------------------------
** CHEMICAL REACTION 5-  Medium O i l  B ur ni ng:  C10-C20 + 02 - > H20 + CO + e n e r g y
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' 0 2 '  'CO' 'COKE'
0 0 0
0 0 3 0 . 9 2 7 4
' 0 2 ' 'CO' ' COKE'
0 0 0
0 0 2 1 . 6 7 3 6
' 0 2 ' 'CO' ' COKE'
0 0 0 
0 0 1 1 . 4 7 4 4
!0 + e n e r g y
' 0 2 '  'CO' 'COKE'
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*compname 'H20'  'C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' ' C02'  'N2'  ' 0 2 '  'CO' 'COKE'
** _____
♦ s t o r e a c  0 0 1  0 0 0  0 0  1 5 . 3 5 8 1  0 0
♦ s t o p r o d  1 5 . 8 8 7 6  0 0  0 0 0  0 0 0  1 4 . 8 2 8 5  0
* f r e q f a c  3 . 0 2 0 e l 0  ♦ e a c t  15500 * r e n t h  4 9 2 0 . 3  
** *RTEMLOWR 7 9 0 . 0  
♦♦ ♦RTEMUPR 7 9 0 . 1
**   _ __ __ _ __ _ __ __ ___ ___ ___ ___ ___ __  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _
** CHEMICAL REACTION 6 -  L i g h t  O i l  Bur ni ng :  C6-C9 + 02 - >  H20 + CO + e n e r g y
♦compname 'H20'  'C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' ' C02'  'N2'  ' 0 2 '  'CO' 'COKE'
* *
♦ s t o r e a c  0 0 0  1 0 0  0 0  7 . 6 3 3 7 8  0 0
♦ s t o p r o d  8 . 1 1 5 4 1  0 0  0 0 0  0 0 0  7 . 1 5 2 1 6  0
♦ f r e q f a c  3 . 0 2 0 e l 0  ♦ e a c t  15500  ♦ r e n t h  2 4 2 0 . 2
♦♦ ♦RTEMLOWR 7 9 0 . 0  
♦♦ ♦RTEMUPR 7 9 0 . 1
* * --------------------------------------------------------------------------------------------------------------------------------
♦♦ CHEMICAL REACTION 7 -  Hydrocarbon Gas Bu rn in g :  C2-C5 + 02 -> H20 + CO + e n e r g y
♦compname 'H20'  'C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' ' C02'  'N2'  ' 0 2 '  'CO' 'COKE'
* *
♦ s t o r e a c  0 0 0  0 1 0  0 0  3 . 7 3 3 7 5  0 0
♦ s t o p r o d  4 . 2 6 8 2 1  0 0  0 0 0  0 0 0  3 . 1 9 9 2 9  0
♦ f r e q f a c  3 . 0 2 0 e l 0  ♦ e a c t  15000 ♦ r e n t h  1 4 6 3 . 4
♦♦ ♦RTEMLOWR 7 9 0 . 0  
♦♦ ♦RTEMUPR 7 9 0 . 1  
* ★ -     -----
♦♦ CHEMICAL REACTION 8-  Co 
♦compname 'H20'  'C21+'  ' C l  
* *
♦ s t o r e a c  0 0 0
♦ s t o p r o d  0 . 8  0 0
♦ f r e q f a c  3 . 0e 5  ♦ e a c t  5500  
♦♦ ♦RTEMLOWR 7 9 0 . 0  
♦♦ ♦RTEMUPR 7 9 0 . 1  
* * ---------------------------------
♦♦ CHEMICAL REACTION 9 - Gi 
♦compname 'H20'  'C21+'  'CH
**     ____
♦ s t o r e a c  0 0 0
♦ s t o p r o d  2 0 0
♦ f r e q f a c  3 . 0 2 0 e l 0  ♦eaci  
♦♦ ♦RTEMLOWR 7 9 0 . 0  
♦♦ ♦RTEMUPR 7 9 0 . 1  
★ ★ - - - - - - - - - - - - - - - - - - - - - - - -
♦♦ CHEMICAL REACTION 10 - Carbon Monoxide  b u r n i n g :  CO + 0 . 5  02 -> C02 + e n e r g y
♦compname 'H20'  'C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' ' C02'  'N2'  ' 0 2 '  'CO' 'COKE'
* ★
♦ s t o r e a c  0 0 0 0 0 0  0 0 0 . 5 1 0
♦ s t o p r o d  0 0 0  0 0 0  1 0 0 0 0
♦ f r e q f a c  1 . 5 e 5  ♦ e a c t  3250 ♦ r e n t h  2 . 8 3 8 E 5  
♦♦ ♦RTEMLOWR 7 9 0 . 0  
♦♦ ^RTEMUPR 7 9 0 . 1  
* ★
ike Bu rn in g :  Coke + 02  -> H20 + C02 + e n e r g y
0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 ' ' CH4' ' C02'  'N2'  ' 0 2 '  'CO' 'COKE'
0 0
0 0
♦ r e n t h  4 6 1 . 3
1 . 4
0
a s  b u r n i n g :  CH4 + 202 - > 2H20 + C02 + e n e r g y






♦ r e n t h  5 0 2 . 5 3 3
0 1 . 5  0 0
0 0 1 0
♦♦ R e a c t i o n  E n t h a l p y  BTU/ lbmol e
♦ s o l d e n  4 . 4
♦♦ Pseudo co mpo nen t  K v a l u e  t a b l e s  f o r  p r e s s u r e s  500 p s i  & 6500 p s i  100 F t o  1300  F be  100 de g  
i n t e r v a l s
♦♦ ♦ k v t a b l i m  500 6500 100 1300
♦ k v t a b l i m  5 0 0 .  3250 10 0.  13 0 0 .
♦♦ l o w / h i g h  p r e s s u r e ;  l o w / h i g h  t e m p e r a t u r e
♦ k v t a b l e  2 ♦♦ K v a l u e  t a b l e  f o r  C21+
2 . 675E- 04  1 . 7 8 3 E - 0 4  1 . 3 3 7 E - 0 4  1 . 0 7 0 E - 0 4  8 . 9 1 5 E - 0 5  7 . 6 4 2 E - 0 5  6 . 6 8 6 E - 0 5  5 . 9 4 3 E - 0 5
5 . 3 4 9 E - 0 5  4 . 8 6 3 E - 0 5  4 . 4 5 8 E - 0 5  4 . 1 1 5 E - 0 5
2 . 0 10E- 03  1 . 3 4 0 E - 0 3  1 . 0 0 5 E - 0 3  8 . 0 4 1 E - 0 4  6 . 7 0 1 E - 0 4  5 . 7 4 3 E - 0 4  5 . 0 2 6 E - 0 4  4 . 4 6 7 E - 0 4
4 . 0 20E -0 4 3 . 6 5 5 E - 0 4  3 . 3 5 0 E - 0 4  3 . 0 9 3 E - 0 4
8 . 8 8 6 E - 03 5 . 9 2 4 E - 0 3  4 . 4 4 3 E - 0 3  3 . 5 5 4 E - 0 3  2 . 9 6 2 E - 0 3  2 . 5 3 9 E - 0 3  2 . 2 2 2 E - 0 3  1 . 9 7 5 E - 0 3
1 . 7 7 7 E - 0 3  1 . 6 1 6 E - 0 3  1 . 4 8 1 E - 0 3  1 . 3 6 7 E - 0 3
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2 . 7 8 0 E - 0 2  1 . 8 5 3E - 02  1 . 3 9 0 E - 0 2  1 . 1 1 2 E - 0 2  9 . 2 6 7 E - 0 3  7 . 9 4 3 E - 0 3  6 . 9 5 0 E - 0 3
5 . 5 6 0 E - 0 3  5 . 0 5 5 E - 0 3  4 . 6 3 4 E - 0 3  4 . 2 7 7 E - 0 3
6 . 8 5 8 E - 0 2  4 . 5 7 2 E - 0 2  3 . 4 2 9 E - 0 2  2 . 7 4 3 E - 0 2  2 . 2 8 6 E - 0 2  1 . 9 6 0 E - 0 2  1 . 7 1 5 E - 0 2
1 . 3 7 2 E - 02 1 . 2 4 7E -0 2  1 . 1 4 3 E - 0 2  1 . 0 5 5 E - 0 2
1 . 4 2 7 E - 0 1  9 . 5 1 3 E - 0 2  7 . 1 3 5 E - 0 2  5 . 7 0 8 E - 0 2  4 . 7 5 6 E - 0 2  4 . 0 7 7 E - 0 2  3 . 5 6 7 E - 0 2
2 . 8 5 4 E - 0 2  2 . 5 9 4 E - 0 2  2 . 3 7 8 E - 0 2  2 . 1 9 5 E - 0 2
2 . 6 1 6 E - 0 1  1 . 7 4 4 E - 0 1  1 . 3 0 8 E - 0 1  1 . 0 4 7 E - 0 1  8 . 7 2 1 E - 0 2  7 . 4 7 5 E - 0 2  6 . 5 4 1 E - 0 2
5 . 2 33 E- 02  4 . 7 5 7 E - 0 2  4 . 3 6 1 E - 0 2  4 . 0 2 5 E - 0 2
4 . 3 5 7 E - 0 1  2 . 9 0 5 E - 0 1  2 . 1 7 9 E - 0 1  1 . 7 4 3 E - 0 1  1 . 4 5 2 E - 0 1  1 . 2 4 5 E - 0 1  1 . 0 8 9 E - 0 1
8 . 7 1 5 E - 0 2  7 . 9 22 E- 0 2  7 . 2 6 2 E - 0 2  6 . 7 0 4 E - 0 2
6 . 7 3 2 E - 0 1  4 . 4 8 8 E - 0 1  3 . 3 6 6 E - 0 1  2 . 6 9 3 E - 0 1  2 . 2 4 4 E - 0 1  1 . 9 2 3 E - 0 1  1 . 6 8 3 E - 0 1
1 . 3 4 6 E - 0 1  1 . 2 2 4 E - 0 1  1 . 1 2 2 E - 0 1  1 . 0 3 6 E - 0 1
9 . 8 00 E- 0 1  6 . 5 3 3 E - 0 1  4 . 9 0 0 E - 0 1  3 . 9 2 0 E - 0 1  3 . 2 6 7 E - 0 1  2 . 8 0 0 E - 0 1  2 . 4 5 0 E - 0 1
1 . 9 6 0 E - 0 1  1 . 7 8 2 E - 0 1  1 . 6 3 3 E - 0 1  1 . 5 0 8 E - 0 1
1 . 359E+00 9 . 0 6 3 E - 0 1  6 . 7 9 7 E - 0 1  5 . 4 3 8 E - 0 1  4 . 5 3 2 E - 0 1  3 . 8 8 4 E - 0 1  3 . 3 9 9 E - 0 1
2 . 7 1 9 E - 0 1  2 . 4 7 2 E - 0 1  2 . 2 6 6 E - 0 1  2 . 0 9 1 E - 0 1
1 . 8 1 2 9 8  1 . 2 0 8 6 6  9 . 0 6 5 E - 0 1  7 . 2 5 2 E - 0 1  6 . 0 4 3 E - 0 1  5 . 1 8 0 E - 0 1  4 . 5 3 2 E - 0 1
3 . 6 2 6 E - 0 1  3 . 2 9 6 E - 01 3 . 0 2 2 E - 0 1  2 . 7 8 9 E - 0 1
2 . 3 3 9 9 8  1 . 5 5 9 9 9  1 . 1 6 9 9 9  9 . 3 6 0 E - 0 1  7 . 8 0 0 E - 0 1  6 . 6 8 6 E - 0 1  5 . 8 5 0 E - 0 1
4 . 6 8 0 E - 0 1  4 . 2 5 5 E - 0 1  3 . 9 0 0 E - 0 1  3 . 6 0 0 E - 0 1
* k v t a b l e  3 ** K v a l u e  t a b l e  f o r  C11-C20
4 . 7 7 9 E - 0 4  3 . 1 8 6 E - 0 4  2 . 3 9 0 E - 0 4  1 . 9 1 2 E - 0 4  1 . 5 9 3 E - 0 4  1 . 3 6 6 E - 0 4  1 . 1 9 5 E - 0 4
9 . 5 5 9 E - 0 5  8 . 6 9 0 E - 0 5  7 . 9 6 6 E - 0 5  7 . 3 5 3 E - 0 5
3 . 2 2 6 E - 0 3  2 . 1 5 1 E - 0 3  1 . 6 1 3 E - 0 3  1 . 2 9 1 E - 0 3  1 . 0 7 5 E - 0 3  9 . 2 1 9 E - 0 4  8 . 0 6 6 E - 0 4
6 . 4 5 3 E - 0 4  5 . 8 6 6 E - 0 4  5 . 3 7 7 E - 0 4  4 . 9 6 4 E - 0 4
1 . 3 1 8 E - 0 2  8 . 7 8 5 E - 0 3  6 . 5 8 9 E - 0 3  5 . 2 7 1 E - 0 3  4 . 3 9 3 E - 0 3  3 . 7 6 5 E - 0 3  3 . 2 9 4 E - 0 3
2 . 6 3 6 E - 0 3  2 . 396 E-03  2 . 1 9 6 E - 0 3  2 . 0 2 7 E - 0 3
3 . 8 8 0 E - 0 2  2 . 5 8 7 E - 02 1 . 9 4 0 E - 0 2  1 . 5 5 2 E - 0 2  1 . 2 9 3 E - 0 2  1 . 1 0 9 E - 0 2  9 . 7 0 0 E - 0 3
7 . 7 6 0 E - 0 3  7 . 0 54 E- 03  6 . 4 6 7 E - 0 3  5 . 9 6 9 E - 0 3
9 . 1 2 2 E - 0 2  6 . 0 8 2 E- 0 2  4 . 5 6 1 E - 0 2  3 . 6 4 9 E - 0 2  3 . 0 4 1 E - 0 2  2 . 6 0 6 E - 0 2  2 . 2 8 1 E - 0 2
1 . 8 2 4 E - 0 2  1 . 6 5 9 E - 02 1 . 5 2 0 E - 0 2  1 . 4 0 3 E - 0 2
1 . 8 2 5 E - 0 1  1 . 2 1 7 E - 0 1  9 . 1 2 6 E - 0 2  7 . 3 0 1 E - 0 2  6 . 0 8 4 E - 0 2  5 . 2 1 5 E - 0 2  4 . 5 6 3 E - 0 2
3 . 6 5 1 E - 0 2  3 . 3 1 9 E - 0 2  3 . 0 4 2 E - 0 2  2 . 8 0 8 E - 0 2
3 . 2 4 1 E - 0 1  2 . 1 6 0 E - 0 1  1 . 6 2 0 E - 0 1  1 . 2 9 6 E - 0 1  1 . 0 8 0 E - 0 1  9 . 2 5 9 E - 0 2  8 . 1 0 1 E - 0 2
6 . 4 8 1 E - 0 2  5 . 8 9 2 E - 0 2  5 . 4 0 1 E - 0 2  4 . 9 8 6 E - 0 2
5 . 2 5 2 E - 01 3 . 5 0 2 E - 01 2 . 6 2 6 E - 0 1  2 . 1 0 1 E - 0 1  1 . 7 5 1 E - 0 1  1 . 5 0 1 E - 0 1  1 . 3 1 3 E - 0 1
1 . 0 5 0 E - 0 1  9 . 5 5 0 E - 0 2  8 . 7 5 4 E - 0 2  8 . 0 8 0 E - 0 2
0 . 7 9 2 9 1  5 . 2 8 6 E - 0 1  3 . 9 6 5 E - 0 1  3 . 1 7 2 E - 0 1  2 . 6 4 3 E - 0 1  2 . 2 6 5 E - 0 1  1 . 9 8 2 E - 0 1
1 . 5 8 6 E - 0 1  1 . 4 4 2 E - 0 1  1 . 3 2 2 E - 0 1  1 . 2 2 0 E - 0 1
1 . 1 3 1 3 6  0 . 7 5 4 2 4  0 . 5 6 5 6 8  0 . 4 5 2 5 5  3 . 7 7 1 E - 0 1  3 . 2 3 2 E - 0 1  2 . 8 2 8 E - 0 1
2 . 2 6 3 E - 01 2 . 0 5 7 E - 01 1 . 8 8 6 E - 0 1  1 . 7 4 1 E - 0 1
1 . 5 4 2 3 7  1 . 0 2 8 2 4  0 . 7 7 1 1 8  0 . 6 1 6 9 5  0 . 5 1 4 1 2  0 . 4 4 0 6 8  0 . 3 8 5 5 9
0 . 3 0 8 4 7  0 . 2 8 0 4 3  0 . 2 5 7 0 6  2 . 3 7 3 E - 0 1
2 . 026E+00 1 . 3 5 0 4 1  1 . 0 1 2 8 1  0 . 8 1 0 2 5  0 . 6 7 5 2 1  0 . 5 7 8 7 5  0 . 5 0 6 4 0
0 . 4 0 5 1 2  0 . 3 6 8 2 9  0 . 3 3 7 6 0  0 . 3 1 1 6 3
2 . 579E+00 1 . 719E+00 1 . 29 0 E + 0 0  1 . 0 3 1 6 6  0 . 8 5 9 7 1  0 . 7 3 6 9 0  0 . 6 4 4 7 9
0 . 5 1 5 8 3  0 . 4 6 8 9 4  0 . 4 2 9 8 6  0 . 3 9 6 7 9
♦ k v t a b l e  4 ** K v a l u e  t a b l e  f o r  C6-10
1 . 09 60E- 02  7 . 3 0 6 9 E - 0 3  5 . 4 8 0 2 E - 0 3  4 . 3 8 4 1 E - 0 3  3 . 6 5 3 4 E - 0 3  3 . 1 3 1 5 E - 0 3  2 . 7 4 0 1 E - 0 3
2 . 1 9 2 1 E - 03 1 . 9 9 2 8 E - 03 1 . 8 2 6 7 E - 0 3  1 . 6 8 6 2 E - 0 3
0 . 0 4 9 2 7 2  0 . 0 3 2 8 4 8  0 . 0 2 4 6 3 6  0 . 0 1 9 7 0 9  0 . 0 1 6 4 2 4  0 . 0 1 4 0 7 8  0 . 0 1 2 3 1 8
0 . 0 0 9 8 5 4  0 . 0 0 8 9 5 9  0 . 0 0 8 2 1 2  0 . 0 0 7 5 8 0
0 . 1 4 9 1 3 9  0 . 0 9 9 4 2 6  0 . 0 7 4 5 7 0  0 . 0 5 9 6 5 6  0 . 0 4 9 7 1 3  0 . 0 4 2 6 1 1  0 . 0 3 7 2 8 5
0 . 0 2 9 8 2 8  0 . 0 2 7 1 1 6  0 . 0 2 4 8 5 7  0 . 0 2 2 9 4 5
0 . 3 4 8 9 2 0  0 . 2 3 2 6 1 3  0 . 1 7 4 4 6 0  0 . 1 3 9 5 6 8  0 . 1 1 6 3 0 7  0 . 0 9 9 6 9 1  0 . 0 8 7 2 3 0
0 . 0 6 9 7 8 4  0 . 0 6 3 4 4 0  0 . 0 5 8 1 5 3  0 . 0 5 3 6 8 0
0 . 6 8 3 8 4 4  0 . 4 5 5 8 9 6  0 . 3 4 1 9 2 2  0 . 2 7 3 5 3 8  0 . 2 2 7 9 4 8  0 . 1 9 5 3 8 4  0 . 1 7 0 9 6 1
0 . 1 3 6 7 6 9  0 . 1 2 4 3 3 5  0 . 1 1 3 9 7 4  0 . 1 0 5 2 0 7
1 . 1 8 0 4 5 8  0 . 7 8 6 9 7 2  0 . 5 9 0 2 2 9  0 . 4 7 2 1 8 3  0 . 3 9 3 4 8 6  0 . 3 3 7 2 7 4  0 . 2 9 5 1 1 4
0 . 2 3 6 0 9 2  0 . 2 1 4 6 2 9  0 . 1 9 6 7 4 3  0 . 1 8 1 6 0 9
1 . 8 5 4 7  1 . 2 3 6 4  0 . 9 2 7 3  0 . 7 4 1 9  0 . 6 1 8 2  0 . 5 2 9 9  0 . 4 6 3 7
0 . 3 7 0 9  0 . 3 3 7 2  0 . 3 0 9 1  0 . 2 8 5 3
2 . 7 1 2 3  1 . 8 0 8 2  1 . 3 5 6 1  1 . 0 8 4 9  0 . 9 0 4 1  0 . 7 7 4 9  0 . 6 7 8 1
0 . 5 4 2 5  0 . 4 9 3 1  0 . 4 5 2 0  0 . 4 1 7 3
3 . 7 5 0 9  2 . 5 0 0 6  1 . 8 7 5 4  1 . 5 0 0 3  1 . 2 5 0 3  1 . 0 7 1 7  0 . 9 3 7 7
0 . 7 5 0 2  0 . 6 8 2 0  0 . 6 2 5 1  0 . 5 7 7 1
4 . 9 6 1 8  3 . 3 0 7 9  2 . 4 8 0 9  1 . 9 8 4 7  1 . 6 5 3 9  1 . 4 1 7 7  1 . 2 4 0 4
0 . 9 9 2 4  0 . 9 0 2 1  0 . 8 2 7 0  0 . 7 6 3 4
6 . 3 3 2 4  4 . 2 2 1 6  3 . 1 6 6 2  2 . 5 3 3 0  2 . 1 1 0 8  1 . 8 0 9 3  1 . 5 8 3 1
1 . 2 6 6 5  1 . 1 5 1 3  1 . 0 5 5 4  0 . 9 7 4 2
6 . 17 8E- 03  
1 . 5 2 4 E- 0 2  
3 . 1 7 1 E - 0 2  
5 . 8 1 4 E - 0 2  
9 . 6 8 3 E - 0 2  
1 . 4 9 6 E - 0 1  
2 . 1 7 8 E - 0 1  
3 . 0 21 E- 0 1  
4 . 0 2 9E - 01  
5 . 2 00 E - 0 1
1 . 0 6 2 E - 0 4
7 . 1 7 0 E - 0 4
2 . 9 2 8 E - 0 3
8 . 6 22E- 03
2 . 0 2 7 E - 0 2
4 . 0 5 6E - 02
7 . 2 0 1 E - 0 2
1 . 1 6 7 E - 0 1
1 . 7 6 2 E - 0 1
2 . 5 1 4 E - 0 1
0 . 3 4 2 7 5
0 . 4 5 0 1 4
0 . 5 7 3 1 4
2 . 4 3 5 6 E - 0 3
0 . 0 1 0 9 4 9
0 . 0 3 3 1 4 2
0 . 0 7 7 5 3 8
0 . 1 5 1 9 6 5
0 . 2 6 2 3 2 4
0 . 4 1 2 1
0 . 6 0 2 7
0 . 8 3 3 5
1 . 1 0 2 6
. 4 0 7 2
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7 . 8 4 7 6  5 . 2 3 1 7  3 . 9 2 3 8  3 . 1 3 9 0  2 . 6 1 5 9  2 . 2 4 2 2  1 . 9 6 1 9  1 . 7 4 3 9
1 . 5 6 9 5  1 . 4 2 6 8  1 . 3 0 7 9  1 . 2 0 7 3
9 . 4 9 1 1  6 . 3 2 7 4  4 . 7 4 5 5  3 . 7 9 6 4  3 . 1 6 3 7  2 . 7 1 1 7  2 . 3 7 2 8  2 . 1 0 9 1
1 . 8 9 8 2  1 . 7 2 5 7  1 . 5 8 1 8  1 . 4 6 0 2
* k v t a b l e  5 ** K v a l u e  t a b l e  f o r  C2-5
4 . 0 6 6 0 E - 0 1  2 . 7 1 0 7 E - 0 1  2 . 0 3 3 0 E - 0 1  1 . 6 2 6 4 E - 0 1  1 . 3 5 5 3 E - 0 1  1 . 1 6 1 7 E - 0 1  1 . 0 1 6 5 E - 0 1  9 . 0 3 5 5 E - 0 2
8 . 1 3 2 0 E - 0 2  7 . 3 9 2 7 E - 0 2  6 . 7 7 6 6 E - 0 2  6 . 2 5 5 4 E - 0 2
I . 0893E+00 7 . 2 6 2 1 E - 0 1  5 . 4 4 6 6 E - 0 1  4 . 3 5 7 3 E - 0 1  3 . 6 3 1 0 E - 0 1  3 . 1 1 2 3 E - 0 1  2 . 7 2 3 3 E - 0 1  2 . 4 2 0 7 E - 0 1
2 . 1 7 8 6 E - 0 1  1 . 9 8 0 6 E - 0 1  1 . 8 1 5 5 E - 0 1  1 . 6 7 5 9 E - 0 1
2 . 2 5 1 7  1 . 5 0 1 1  1 . 1 2 5 9  0 . 9 0 0 7  0 . 7 5 0 6  0 . 6 4 3 3  0 . 5 6 2 9  0 . 5 0 0 4
0 . 4 5 0 3  0 . 4 0 9 4  0 . 3 7 5 3  0 . 3 4 6 4
3 . 9 3 1 3  2 . 6 2 0 8  1 . 9 6 5 6  1 . 5 7 2 5  1 . 3 1 0 4  1 . 1 2 3 2  0 . 9 8 2 8  0 . 8 7 3 6
0 . 7 8 6 3  0 . 7 1 4 8  0 . 6 5 5 2  0 . 6 0 4 8
6 . 1 1 1 2  4 . 0 7 4 2  3 . 0 5 5 6  2 . 4 4 4 5  2 . 0 3 7 1  1 . 7 4 6 1  1 . 5 2 7 8  1 . 3 5 8 1
1 . 2 2 2 2  1 . 1 1 1 1  1 . 0 1 8 5  0 . 9 4 0 2
8 . 7 4 1 3  5 . 8 2 7 6  4 . 3 7 0 7  3 . 4 9 6 5  2 . 9 1 3 8  2 . 4 9 7 5  2 . 1 8 5 3  1 . 9 4 2 5
1 . 7 4 8 3  1 . 5 8 9 3  1 . 4 5 6 9  1 . 3 4 4 8
I I . 7 5 5 0  7 . 8 3 6 7  5 . 8 7 7 5  4 . 7 0 2 0  3 . 9 1 8 3  3 . 3 5 8 6  2 . 9 3 8 8  2 . 6 1 2 2
2 . 3 5 1 0  2 . 1 3 7 3  1 . 9 5 9 2  1 . 8 0 8 5
1 5 . 0 8 1 7  1 0 . 0 5 4 5  7 . 5 4 0 9  6 . 0 3 2 7  5 . 0 2 7 2  4 . 3 0 9 1  3 . 7 7 0 4  3 . 3 5 1 5
3 . 0 1 6 3  2 . 7 4 2 1  2 . 5 1 3 6  2 . 3 2 0 3
1 8 . 6 5 3 6  1 2 . 4 3 5 7  9 . 3 2 6 8  7 . 4 6 1 4  6 . 2 1 7 9  5 . 3 2 9 6  4 . 6 6 3 4  4 . 1 4 5 2
3 . 7 3 0 7  3 . 3 9 1 6  3 . 1 0 8 9  2 . 8 6 9 8
2 2 . 4 0 9 2  1 4 . 9 3 9 5  1 1 . 2 0 4 6  8 . 9 6 3 7  7 . 4 6 9 7  6 . 4 0 2 6  5 . 6 0 2 3  4 . 9 7 9 8
4 . 4 8 1 8  4 . 0 7 4 4  3 . 7 3 4 9  3 . 4 4 7 6
2 6 . 2 9 5 4  1 7 . 5 3 0 2  1 3 . 1 4 7 7  1 0 . 5 1 8 1  8 . 7 6 5 1  7 . 5 1 3 0  6 . 5 7 3 8  5 . 8 4 3 4
5 . 2 5 9 1  4 . 7 8 1 0  4 . 3 8 2 6  4 . 0 4 5 4
3 0 . 2 6 6 6  2 0 . 1 7 7 7  1 5 . 1 3 3 3  1 2 . 1 0 6 6  1 0 . 0 8 8 9  8 . 6 4 7 6  7 . 5 6 6 6  6 . 7 2 5 9
6 . 0 5 3 3  5 . 5 0 3 0  5 . 0 4 4 4  4 . 6 5 6 4
3 4 . 2 8 5 2  2 2 . 8 5 6 8  1 7 . 1 4 2 6  1 3 . 7 1 4 1  1 1 . 4 2 8 4  9 . 7 9 5 8  8 . 5 7 1 3  7 . 6 1 8 9
6 . 8 5 7 0  6 . 2 3 3 7  5 . 7 1 4 2  5 . 2 7 4 6
♦ k v t a b l e  6 ** K v a l u e  t a b l e  f o r  CH4
1 0 . 8 8 6 5  7 . 2 5 7 7  5 . 4 4 3 2  4 . 3 5 4 6  3 . 6 2 8 8  3 . 1 1 0 4  2 . 7 2 1 6  2 . 4 1 9 2
2 . 1 7 7 3  1 . 9 7 9 4  1 . 8 1 4 4  1 . 6 7 4 8
1 8 . 0 1 4 4  1 2 . 0 0 9 6  9 . 0 0 7 2  7 . 2 0 5 8  6 . 0 0 4 8  5 . 1 4 7 0  4 . 5 0 3 6  4 . 0 0 3 2
3 . 6 0 2 9  3 . 2 7 5 4  3 . 0 0 2 4  2 . 7 7 1 5
2 6 . 1 0 9 2  1 7 . 4 0 6 1  1 3 . 0 5 4 6  1 0 . 4 4 3 7  8 . 7 0 3 1  7 . 4 5 9 8  6 . 5 2 7 3  5 . 8 0 2 0
5 . 2 2 1 8  4 . 7 4 7 1  4 . 3 5 1 5  4 . 0 1 6 8
3 4 . 7 1 2 3  2 3 . 1 4 1 5  1 7 . 3 5 6 1  1 3 . 8 8 4 9  1 1 . 5 7 0 8  9 . 9 1 7 8  8 . 6 7 8 1  7 . 7 1 3 8
6 . 9 4 2 5  6 . 3 1 1 3  5 . 7 8 5 4  5 . 3 4 0 4
4 3 . 4 9 1 5  2 8 . 9 9 4 3  2 1 . 7 4 5 8  1 7 . 3 9 6 6  1 4 . 4 9 7 2  1 2 . 4 2 6 1  1 0 . 8 7 2 9  9 . 6 6 4 8
8 . 6 9 8 3  7 . 9 0 7 5  7 . 2 4 8 6  6 . 6 9 1 0
5 2 . 2 2 1 6  3 4 . 8 1 4 4  2 6 . 1 1 0 8  2 0 . 8 8 8 6  1 7 . 4 0 7 2  1 4 . 9 2 0 5  1 3 . 0 5 5 4  1 1 . 6 0 4 8
1 0 . 4 4 4 3  9 . 4 9 4 8  8 . 7 0 3 6  8 . 0 3 4 1
6 0 . 7 5 7 3  4 0 . 5 0 4 9  3 0 . 3 7 8 6  2 4 . 3 0 2 9  2 0 . 2 5 2 4  1 7 . 3 5 9 2  1 5 . 1 8 9 3  1 3 . 5 0 1 6
1 2 . 1 5 1 5  1 1 . 0 4 6 8  1 0 . 1 2 6 2  9 . 3 4 7 3
6 9 . 0 0 9 7  4 6 . 0 0 6 5  3 4 . 5 0 4 9  2 7 . 6 0 3 9  2 3 . 0 0 3 2  1 9 . 7 1 7 1  1 7 . 2 5 2 4  1 5 . 3 3 5 5
1 3 . 8 0 1 9  1 2 . 5 4 7 2  1 1 . 5 0 1 6  1 0 . 6 1 6 9
7 6 . 9 2 8 6  5 1 . 2 8 5 8  3 8 . 4 6 4 3  3 0 . 7 7 1 5  2 5 . 6 4 2 9  2 1 . 9 7 9 6  1 9 . 2 3 2 2  1 7 . 0 9 5 3
1 5 . 3 8 5 7  1 3 . 9 8 7 0  1 2 . 8 2 1 4  1 1 . 8 3 5 2
8 4 . 4 8 9 6  5 6 . 3 2 6 4  4 2 . 2 4 4 8  3 3 . 7 9 5 8  2 8 . 1 6 3 2  2 4 . 1 3 9 9  2 1 . 1 2 2 4  1 8 . 7 7 5 5
1 6 . 8 9 7 9  1 5 . 3 6 1 7  1 4 . 0 8 1 6  1 2 . 9 9 8 4
9 1 . 6 8 5 0  6 1 . 1 2 3 4  4 5 . 8 4 2 5  3 6 . 6 7 4 0  3 0 . 5 6 1 7  2 6 . 1 9 5 7  2 2 . 9 2 1 3  2 0 . 3 7 4 5
1 8 . 3 3 7 0  1 6 . 6 7 0 0  1 5 . 2 8 0 8  1 4 . 1 0 5 4
9 8 . 5 1 8 3  6 5 . 6 7 8 9  4 9 . 2 5 9 2  3 9 . 4 0 7 3  3 2 . 8 3 9 4  2 8 . 1 4 8 1  2 4 . 6 2 9 6  2 1 . 8 9 3 0
1 9 . 7 0 3 7  1 7 . 9 1 2 4  1 6 . 4 1 9 7  1 5 . 1 5 6 7
1 0 4 . 9 9 9 7  6 9 . 9 9 9 8  5 2 . 4 9 9 9  4 1 . 9 9 9 9  3 4 . 9 9 9 9  2 9 . 9 9 9 9  2 6 . 2 4 9 9  2 3 . 3 3 3 3
2 0 . 9 9 9 9  1 9 . 0 9 0 9  1 7 . 5 0 0 0  1 6 . 1 5 3 8
* k v t a b l e  7 ** K v a l u e  t a b l e  f o r  C02
2 . 4 9 1 4  1 . 6 6 0 9  1 . 2 4 5 7  0 . 9 9 6 6  0 . 8 3 0 5  0 . 7 1 1 8  0 . 6 2 2 9  0 . 5 5 3 6
0 . 4 9 8 3  0 . 4 5 3 0  0 . 4 1 5 2  0 . 3 8 3 3
6 . 8 2 4 9  4 . 5 5 0 0  3 . 4 1 2 5  2 . 7 3 0 0  2 . 2 7 5 0  1 . 9 5 0 0  1 . 7 0 6 2  1 . 5 1 6 7
1 . 3 6 5 0  1 . 2 4 0 9  1 . 1 3 7 5  1 . 0 5 0 0
1 4 . 3 4 1 1  9 . 5 6 0 7  7 . 1 7 0 5  5 . 7 3 6 4  4 . 7 8 0 4  4 . 0 9 7 5  3 . 5 8 5 3  3 . 1 8 6 9
2 . 8 6 8 2  2 . 6 0 7 5  2 . 3 9 0 2  2 . 2 0 6 3
2 5 . 3 5 5 3  1 6 . 9 0 3 5  1 2 . 6 7 7 6  1 0 . 1 4 2 1  8 . 4 5 1 8  7 . 2 4 4 4  6 . 3 3 8 8  5 . 6 3 4 5
5 . 0 7 1 1  4 . 6 1 0 1  4 . 2 2 5 9  3 . 9 0 0 8
3 9 . 8 1 0 3  2 6 . 5 4 0 2  1 9 . 9 0 5 2  1 5 . 9 2 4 1  1 3 . 2 7 0 1  1 1 . 3 7 4 4  9 . 9 5 2 6  8 . 8 4 6 7
7 . 9 6 2 1  7 . 2 3 8 2  6 . 6 3 5 1  6 . 1 2 4 7
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5 7 . 4 0 5 7  3 8 . 2 7 0 5  2 8 . 7 0 2 9  2 2 . 9 6 2 3  1 9 . 1 3 5 2  1 6 . 4 0 1 6  1 4 . 3 5 1 4  1 2 . 7 5 6 8
1 1 . 4 8 1 1  1 0 . 4 3 7 4  9 . 5 6 7 6  8 . 8 3 1 7
7 7 . 7 1 5 6  5 1 . 8 1 0 4  3 8 . 8 5 7 8  3 1 . 0 8 6 2  2 5 . 9 0 5 2  2 2 . 2 0 4 5  1 9 . 4 2 8 9  1 7 . 2 7 0 1
1 5 . 5 4 3 1  1 4 . 1 3 0 1  1 2 . 9 5 2 6  1 1 . 9 5 6 2
1 0 0 . 2 7 2 0  6 6 . 8 4 8 0  5 0 . 1 3 6 0  4 0 . 1 0 8 8  3 3 . 4 2 4 0  2 8 . 6 4 9 1  2 5 . 0 6 8 0  2 2 . 2 8 2 7
2 0 . 0 5 4 4  1 8 . 2 3 1 3  1 6 . 7 1 2 0  1 5 . 4 2 6 5
1 2 4 . 6 1 6 6  8 3 . 0 7 7 7  6 2 . 3 0 8 3  4 9 . 8 4 6 6  4 1 . 5 3 8 9  3 5 . 6 0 4 7  3 1 . 1 5 4 1  2 7 . 6 9 2 6
2 4 . 9 2 3 3  2 2 . 6 5 7 6  2 0 . 7 6 9 4  1 9 . 1 7 1 8
1 5 0 . 3 2 8 4  1 0 0 . 2 1 8 9  7 5 . 1 6 4 2  6 0 . 1 3 1 4  5 0 . 1 0 9 5  4 2 . 9 5 1 0  3 7 . 5 8 2 1  3 3 . 4 0 6 3
3 0 . 0 6 5 7  2 7 . 3 3 2 4  2 5 . 0 5 4 7  2 3 . 1 2 7 4
1 7 7 . 0 3 6 2  1 1 8 . 0 2 4 1  8 8 . 5 1 8 1  7 0 . 8 1 4 5  5 9 . 0 1 2 1  5 0 . 5 8 1 8  4 4 . 2 5 9 0  3 9 . 3 4 1 4
3 5 . 4 0 7 2  3 2 . 1 8 8 4  2 9 . 5 0 6 0  2 7 . 2 3 6 3
2 0 4 . 4 2 1 4  1 3 6 . 2 8 0 9  1 0 2 . 2 1 0 7  8 1 . 7 6 8 5  6 8 . 1 4 0 5  5 8 . 4 0 6 1  5 1 . 1 0 5 3  4 5 . 4 2 7 0
4 0 . 8 8 4 3  3 7 . 1 6 7 5  3 4 . 0 7 0 2  3 1 . 4 4 9 4
2 3 2 . 2 1 6 1  1 5 4 . 8 1 0 7  1 1 6 . 1 0 8 0  9 2 . 8 8 6 4  7 7 . 4 0 5 4  6 6 . 3 4 7 5  5 8 . 0 5 4 0  5 1 . 6 0 3 6
4 6 . 4 4 3 2  4 2 . 2 2 1 1  3 8 . 7 0 2 7  3 5 . 7 2 5 6
* k v t a b l e  8 ** K v a l u e  t a b l e  f o r  N2
27. 0188 1 8 . 0 1 2 5 1 3 . 5 0 9 4 1 0 . 8 0 7 5 9 . 0 0 6 3 7 . 7 1 9 7 6 . 7 5 4 7 6 . 0 0 4 2
5. 4038 4 . 9125 4. 5031  4 . 1567
38 . 0483 2 5 . 3 6 5 5 1 9 . 0 2 4 1 1 5 . 2 1 9 3 1 2 . 6 8 2 8 1 0 . 8 7 0 9 9 . 5 1 2 1 8 . 4 5 5 2
7 . 6097 6. 9179 6. 3414 5. 8536
48 . 9645 3 2 . 6 4 3 0 2 4 . 4 8 2 2 1 9 . 5 8 5 8 1 6 . 3 2 1 5 1 3 . 9 8 9 8 1 2 . 2 4 1 1 1 0 . 8 8 1 0
9. 7929 8. 9026 8. 1607 7. 5330
59. 4225 3 9 . 6 1 5 0 2 9 . 7 1 1 3 2 3 . 7 6 9 0 1 9 . 8 0 7 5 1 6 . 9 7 7 9 1 4 . 8 5 5 6 1 3 . 2 0 5 0
11 . 8 8 4 5  10 . 8 0 4 1  9. 9038 9. 1419
69. 2638 4 6 . 1 7 5 9 3 4 . 6 3 1 9 2 7 . 7 0 5 5 2 3 . 0 8 7 9 1 9 . 7 8 9 7 1 7 . 3 1 6 0 1 5 . 3 9 2 0
13 . 85 2 8  12 . 593 4 11 . 54 4 0  10 . 65 60
78. 4340 5 2 . 2 8 9 3 3 9 . 2 1 7 0 3 1 . 3 7 3 6 2 6 . 1 4 4 7 2 2 . 4 0 9 7 1 9 . 6 0 8 5 1 7 . 4 2 9 8
15 . 68 6 8  14 . 2607  13 . 072 3 12 . 0 668
86. 9345 5 7 . 9 5 6 3 4 3 . 4 6 7 2 3 4 . 7 7 3 8 2 8 . 9 7 8 2 2 4 . 8 3 8 4 2 1 . 7 3 3 6 1 9 . 3 1 8 8
17 . 38 69  15 . 8063  14 . 4 8 9 1  13 . 3 745
94 . 7952 6 3 . 1 9 6 8 4 7 . 3 9 7 6 3 7 . 9 1 8 1 3 1 . 5 9 8 4 2 7 . 0 8 4 3 2 3 . 6 9 8 8 2 1 . 0 6 5 6
18 . 9 5 9 0  17 . 2 3 5 5  15 . 7 9 9 2  14 . 5839
102 . 05 92 6 8 . 0 3 9 5 5 1 . 0 2 9 6 4 0 . 8 2 3 7 3 4 . 0 1 9 7 2 9 . 1 5 9 8 2 5 . 5 1 4 8 2 2 . 6 7 9 8
20 . 4118  18 . 5 5 6 2  17 . 00 99  15 . 701 4
108 . 7 74 1 7 2 . 5 1 6 1 5 4 . 3 8 7 1 4 3 . 5 0 9 7 3 6 . 2 5 8 0 3 1 . 0 7 8 3 2 7 . 1 9 3 5 2 4 . 1 7 2 0
21 . 7 54 8  19 . 7 7 7 1  18 . 1 2 9 0  16 . 734 5
114 . 9876 7 6 . 6 5 8 4 5 7 . 4 9 3 8 4 5 . 9 9 5 1 3 8 . 3 2 9 2 3 2 . 8 5 3 6 2 8 . 7 4 6 9 2 5 . 5 5 2 8
22 . 99 75  20 . 90 68  19 . 16 46  17 . 6904
120 . 74 52 8 0 . 4 9 6 8 6 0 . 3 7 2 6 4 8 . 2 9 8 1 4 0 . 2 4 8 4 34 . 49 86 3 0 . 1 8 6 3 2 6 . 8 3 2 3
24 . 1 4 9 0  21 . 95 37  20 . 1 2 4 2  18 . 57 62
126 . 0891 8 4 . 0 5 9 4 6 3 . 0 4 4 5 5 0 . 4 3 5 6 4 2 . 0 2 9 7 3 6 . 0 2 5 4 3 1 . 5 2 2 3 2 8 . 0 1 9 8
25 . 2 178  22 . 92 53  21 . 0 14 8  19 . 39 83
★ ★ R e f e r e n c e  c o n d i t i o n s
* p r s r  1 4 . 7  * t emr 60 * p s u r f  1 4 . 7  * t s u r f  60
** PRSR 6 0 0 . 0  ** r e f e r e n c e  p r e s s u r e .
** TEMR 1 7 5 . 0  ** r e f e r e n c e  t e m p e r a t u r e .
** PSURF 1 4 . 7  ** p r e s s u r e  a t  s u r f a c e .
** TSURP 6 2 . 3  ** t e m p e r a t u r e  a t  s u r f a c e .
c o r r e s p o n d i n g  
c o r r e s p o n d i n g  
f o r  r e p o r t i n g  
f o r  r e p o r t i n g
t o  t h e  d e n s i t y  
t o  t h e  d e n s i t y  
w e l l  r a t e s ,  e t c .  
w e l l  r a t e s . e t c .
** = = = = = = =
* r o c k f l u i d
ROCK-FLUID PROPERTIES
*swt  ** W a t e r - o i l  
** Siw = Swir  = 0 . 2 4  
** Kroiw = 0 . 4  
* *  Sw 
★ ★ - - - - - - - - - - -
r e l a t i v e  p e r m e a b i l i t i e s
Sorw = 0 . 3  So r g  = 0 . 1
Krwro = 0 . 1  Krgro = 0 . 2
Krw
Sgc  = 0 . 0 6  
Krow
0 . 2 4 0 0 . 4
0 . 2 8 1 8 1 8 0 . 0 0 0 2 4 9 0 . 3 3 0 5 7 9
0 . 3 2 3 6 3 6 0 . 0 0 1 4 1 0 . 2 6 7 7 6 9
0 . 3 6 5 4 5 5 0 . 0 0 3 8 8 4 0 . 2 1 1 5 7
0 . 4 0 7 2 7 3 0 . 0 0 7 9 7 4 0 . 1 6 1 9 8 3
0 . 4 4 9 0 9 1 0 . 0 1 3 9 3 0 . 1 1 9 0 0 8
0 . 4 9 0 9 0 9 0 . 0 2 1 9 7 3 0 . 0 8 2 6 4 5
0 . 5 3 2 7 2 7 0 . 0 3 2 3 0 5 0 . 0 5 2 8 9 3
0 . 5 7 4 5 4 5 0 . 0 4 5 1 0 7 0 . 0 2 9 7 5 2
0 . 6 1 6 3 6 4 0 . 0 6 0 5 5 1 0 . 0 1 3 2 2 3
0 . 6 5 8 1 8 2 0 . 0 7 8 7 9 9 0 . 0 0 3 3 0 6
0 . 7 0 . 1 0
"Numerical Simulation of In-Situ Combustion Processes in High Pressure Light and Medium Petroleum Reservoirs."
Appendix-V Simulation Data Files of Oil Field Scale Studies, John Tingas 9/3/2000
402
♦ s i t  ♦♦ L i q u i d - g a s  r e l a t i v e  p e r m e a b i l i t i e s
♦♦SL 
* *  -  -  -
Krg Krog
0 . 2 4 0 . 2 0
0 .  34 0 . 1 5 8 7 1 2 0
0 . 3 7 7 5 0 . 1 4 4 0 6 8 0 . 0 0 0 6 4 6
0 . 4 1 5 0 . 1 2 9 9 0 4 0 . 0 0 5 1 6 5
0 . 4 5 2 5 0 . 1 1 6 2 3 7 0 . 0 1 1 6 2 2
0 . 4 9 0 . 1 0 3 0 8 6 0 . 0 2 0 6 6 1
0 . 5 2 7 5 0 . 0 9 0 4 7 3 0 . 0 3 2 2 8 3
0 . 5 6 5 0 . 0 7 8 4 2 1 0 . 0 4 6 4 8 8
0 . 6 0 2 5 0 . 0 6 6 9 5 7 0 . 0 6 3 2 7 5
0 . 6 4 0 . 0 5 6 1 1 3 0 . 0 8 2 6 4 5
0 . 6 7 7 5 0 . 0 4 5 9 2 8 0 . 1 0 4 5 9 7
0 . 7 1 5 0 . 0 3 6 4 4 7 0 . 1 2 9 1 3 2
0 . 7 5 2 5 0 . 0 2 7 7 2 6 0 . 1 5 6 2 5
0 . 7 9 0 . 0 1 9 8 3 9 0 . 1 8 5 9 5
0 . 8 2 7 5 0 . 0 1 2 8 8 6 0 . 2 1 8 2 3 3
0 . 8 6 5 0 . 0 0 7 0 1 4 0 . 2 5 3 0 9 9
0 . 9 0 2 5 0 . 0 0 2 4 8 0 . 2 9 0 5 4 8
0 . 9 4 0. 0 . 3 3 0 5 7 9
1 0. 0 . 4
*  *  = = = = =  
♦ i n i t i a l
INITIAL CONDITIONS
♦♦ A u t o m a t i c  s t a t i c  v e r t i c a l  e q u i l i b r i u m -  v e r t i c a l - o n  - r e f p r e s = 7 5  p s i  r e f e r e n c e  p r e s s u r e  
♦♦ p s t e p = 3  v e r t i c a l  e q u i l i b r i u m  i s  d on e  w i t h  3 t i m e s t e p s  w i t h  z e r o  s o u r c e s  and s i n k s ,  
♦ v e r t i c a l  ♦on ♦ p s t e p  75 ♦ r e f p r e s  6440 ^ r e f d e p t h  8205 ♦ r e f b l o c k  1 1 1
♦SW ♦co n 0 . 4 5  
♦♦ ♦SO ♦con 0 . 5 5
♦♦ So by d i f f e r e n c e ,  s i n c e  Sg = 0
♦♦ i n i t i a l  g a s  s a t u r a t i o n  i s  0 . 0 0
♦temp ♦con 21 0.
** ]_ 2 3 4 5 6 7 8 9 10 11
♦♦ ' H20' ' C21+' ' C 1 0 - 2 0 ' ' C 6 -9 ' ' C 2 - 5' ' CH4' ' C 0 2 ' ' N2 ' ' 0 2 '  'CO' 'COKE
♦♦ ♦ m o l e f r a c  ♦ g a s  ♦con 4 ^ 0 . 0 0 . 0 0 0 1  0 . 9 9 9 9  0 . 0 0 . 0  0 . 0 0 . 0
♦♦ I n i t i a l  p e t r o l e u m  p h a s e f r a c t i o n a re: C2 1+ =0 . 35 87 5 54 8 C l l - 2 0 = 0 . 3 73 60 906
** C 6 - 1 0 = 0 . 1 929 3 29 2  C l - 5 = 0 . 0 7 4 7 0 2 5 5
★ ★ 2. 2 3 4 5 6 7 8 9 10 11
♦♦ ' H20' ' C21+' ' C 1 0 - 2 0 ' ' C 6 - 9 ' ' C 2 - 5'  ' CH4' ' C 0 2 ' ' N2' ' 0 2 '  'CO' 'COKE
♦ m o l e f r a c  ♦ o i l  ♦con 0 . 0 0 . 1 3 9 9 0 . 1 6 0 5 0 . 0 6 0 4 7 0 . 2 3 9 1  0 . 2 2 9  0 . 0 0 . 0
♦♦ ============== NUMERICAL CONTROL =====
♦ n u m e r i c a l  ♦♦ A l l  t h e s e  can be  d e f a u l t e d .
♦♦ h e r e  mat ch t h e  p r e v i o u s  d a t a .
The d e f i n i t i o n s
♦DTMAX 0 . 1  
♦♦ ♦DTMAX 1 . 5  
♦ ma x s t e p s  3 6500  
♦ u n r e l a x  - 1  
♦norm p r e s s  280 s a t u r  
♦ c o n v e r g e
♦ p r e s s  4 . 3 5  
♦ s a t u r  0 . 0 4 9  
♦temp 1 . 7 9
♦ n o r t h  10 ♦ ne wt o nc y c  29 ♦ i t e r m a x  120  
♦ p i v o t  ♦on ♦ pv t os c ma x  15 





♦z nc g  
♦za q  
♦ w e l l r e s  1 
♦ m a t b a l t o l  1
0 . 0 9  
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** ============== RECURRENT DATA ======================
** P r o j e c t  s t a r t s  on z e r o  t i m e  and d t w e l .  t h e  s t a r t i n g  t i m e  s t e p  s i z e  i s  0 . 1  d a y s
t i m e  0 d t w e l l  . 0 0 0 1
WELL 1 'UPDIP INJECTOR'
**
GEOMETRY *K 0 . 3 7 5
INJECTOR mobw ei ght  1 
OPERATE MAX g a s  6 5 0 0 0 0 0 0 .  
OPERATE MAX bhp 6 90 0 .
★ ★
* *  ' H 2 0
INCOMP GAS 6 * 0 .
TINJOV 250
** g e om e t r y  - 1 0  0 0 




0 . 2 4 9
3
GEOFAC WFRAC SKIN
1 . 0 0 . 0
2
C21+
** Maximum Gas I n j e c t i o n  R a t e  15 - 4 . 5MMSCFD
** Maximum I n j e c t i o n  BH Pr e ss u re  6900  - 6700 p s i
3 4 5 6 7 8 9  10 11
' C 1 0 - 20 '  ' C6- 9 '  ' C 2 - 5 ' ' CH4' ' C02'  'N2'  ' 0 2 '  'CO' 'COKE'
0 0 . 7 9  0 . 2 1  0 . 0
** A i r  i n j e c t i o n  21% 02 & 79% N2 
** I n j e c t i o n  Gas T e mp e ra t ur e  300 oF 
** Use  t u b e - e n d  o p t i o n
j k
5 1 :4
f f i r  j r  kr w i  = 0 . 0 0 7 0 8 2  *k * h /  l n ( 0 . 5  * r e  /  rw)
WELL 2 'DOWNDIP PRDCR'
*★
GEOMETRY *K 0 . 3 7 5
PRODUCER 2 
OPERATE MAX l i q u i d  2300  
OPERATE MIN bhp 5100  
MONITOR MAX wor 9 s h u t i n  
PERF *GEO 2
** i  j
4 4 : 7  I
** o  o  o  o o
RAD GEOFAC WFRAC SKIN
0 . 2 4 9  1 . 0  0 . 0
** Maximum L i q u i d  Ra t e  2000 - 1600  B/D 
** Minimum BHP 5500 - 5900 p s i  
** Maximum WOR=9:1 o r  w a t e r - c u t  90%
f f i r  j r  kr w i  = 0 . 0 0 7 0 8 2  *k * h /  l n ( 0 . 5  * r e  /  rw)
TIME 0 . 0 0 1
TIME 1 . 0 0
TIME 3 1 . 0 0  
TIME 9 0 . 0 0
TIME 1 8 2 . 6 2 5
TIME 3 6 5 . 2 5
TIME 5 4 7 . 8 7 5
TIME 7 3 0 . 5 0
TIME 9 1 3 . 1 2 5
TIME 1 0 9 5 . 7 5  
TIME 14 61 .
TIME 1 8 2 6 . 2 5  
TIME 2 1 9 1 . 5  
TIME 2 5 5 6 . 7 5  
TIME 29 22 .
TIME 3 2 8 7 . 2 5  
TIME 3650 S t o p
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* * --------------------------------------------------------------------------------------------------------------------------------------------------------------------------
** LIGHT OIL FIELD SCALE IN-SITU COMBUSTION
** VERTICAL PRODUCER DOWNDIP VP- HORIZONTAL INJECTOR UPDIP HI.
* * --------------------------------------------------------------------------------------------------------------------------------------------------------------------------
** T h i s  i s  STARS d a t a  s e t  f o r  F i e l d  S c a l e  Li ght / Me di um O i l  I n - S i t u  Combust ion
** DOWDIP VERTICAL PRODUCER - UPDIP HORIZONTAL INJECTOR PREDICTION CASE- MR = 1 . 2 7 3 5  ME.
** AUSTRALIAN CRUDE TYPE
** LIGHT/MEDIUM OIL - CLAIR TYPE CRUDE
** F e a t u r e s :
** 1)  N i n e - p o i n t  d i s c r e t i z a t i o n  i n  t h e  a r e a l  p l a n e .
** 2)  D i s t i n c t  p e r m e a b i l i t y  l a y e r i n g .
** 3)  F i v e  h y d r o c a r b o n  c o m p on e nt s ,  11 p s e u d o - c o m p o n e n t s  i n  t o t a l
** 4)  A u t o m a t i c  i n i t i a l  v e r t i c a l  e q u i l i b r i u m  c a l c u l a t i o n .
** 5) M u l t i - l a y e r  w e l l  w i t h  a d d i t i o n a l  i n j e c t i o n  and p r o d u c t i o n
** o p e r a t i n g  c o n s t r a i n t s .
** 6)  Four c o m b u s t i o n  r e a c t i o n s :
** (a)  c r a c k i n g  o f  l i g h t  o i l  t o  c o k e .
** (b)  g a s  b u r n i n g .
** ( c )  l i g h t  o i l  b u r n i n g .
** (d)  c o k e  b u r n i n g .
** B ur ni ng  p r o d u c e s  w a t e r  and C0+C02 m i x t u r e .
** 7)  Ch emi ca l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  MR = 1 . 2 7 3 5  ME
** 8)  High i n i t i a l  p r e s s u r e  64 40  p s i a .
** 9) S i m u l a t i o n  s t o p s  when p r o d u c i n g  end r e a c h e s  600 F.
** 10)  Sharp c h a n g e s  i n  o i l  v i s c o s i t y  o c c u r  a t  t h e  s t e a m  f r o n t
* * --------------------------------------------------------------------------------------------------------------------------------------------------------------------------
** ============== INPUT/OUTPUT control ======================
f i l e n a m e  o u t p u t  i n d e x - o u t  m a i n - r e s u l t s - o u t  ** Us e  d e f a u l t  f i l e  names
♦ t i t l e l  'LIGHT OIL FIELD SCALE IN-SITU COMBUSTION.'
* T i t l e 2  'DOWNDIP VERTICAL PRODUCER - '
* t i t l e 3  'UPDIP HORIZONTAL INJECTOR- PREDICTION CASE. '
* i n u n i t  * f i e l d  ** o u t p u t  same a s  i n p u t
* o u t p r n  * g r i d  * p r e s  *sw * s o  * s g  *temp *y *x *w * s o l c o n c  
* o b h l o s s  * v i s o  
* o u t p r n  * w e l l  * a l l
* w r s t  300 *wprn * g r i d  300 *wprn * i t e r  300
o u t s r f  g r i d  p r e s  s o  s g  temp  
o u t s r f  s p e c i a l  m a t b a l  w e l l  2 
m a t b a l  w e l l  3 
m a t b a l  w e l l  4 
o b h l o s s  
b l k v a r  s g  0 1 
b l k v a r  s o  0 23 
b l k v a r  p r e s  0 
* PARTCLMLWT 1 3 . 6
** C u m u l a t i v e  l i t e  o i l  pr o du ce d  
** C u m u l a t i v e  medm o i l  p r o du c e d  
** C u m u l a t i v e  he v y  o i l  p r o du c e d  
** C u m u l a t i v e  h e a t  l o s s  
** Te mpe ra ture  i n  b l o c k  ( 1 . 1 . 1 )
** O i l  s a t u r a t i o n  
23 ** P r e s s u r e
** COKE ( CHI . 6)  MOLECULAR WEIGHT IS 1 3 . 6
GRID AND RESERVOIR DEFINITION
* g r i d  * c a r t  22 9 5
* d i  * i v a r  3 8 4 . 8  3 * 1 9 2 . 4 1  1 7 * 9 6 . 2 1  1 4 4 . 3 2  
*dj  *con 9 6 . 2 1
*dk * kvar  3 5 . 7  3 5 . 2  3 4 . 8  3 4 . 5  3 4 . 6  
* d t o p  * i v a r
8620 8600 8580  8560 8540 8520 8500  8480 84 60  8440  8420 8400  
8380 8360 8340 8320 8300 8280 8260 8240 8220  8200  
** 8390 8380 8370 8360 8350 8340 8330 8320 8310  8300  8290 8280
** 8270 8265 8260 8255 8250 8240 8230 8220 8210  8200
** H o r i z o n t a l  p r o d u c e r  ( w e l l  #1)  t r e a t e d  i n  a d i s c r e t i z e d  f a s h i o n  - w e l l  i s  d r i l l e d  from a s u r f a c e
** w e l l b o r e  0 . 1 5
** r a n g e  1 6 : 2 0  1 1
** r e f i n e  1 6 : 2 0  1 2 i n t o  4 4 2
** h y b r i d  i d i r
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** DEUTERON ORIZONTION FREAR 
** w e l l b o r e  0 . 1 5  
** c i r c w e l l  0 . 4  20 1 2 0 
** r a n g e  1 6 : 2 0  1 2
*po r  *con 0 . 1 9 2 6 4
*permi  * kvar  3 * 1 1 0 0 . 0  2 * 1 3 0 0 . 0  *permj * e q u a l s i  *permk * e q u a l s i  /  10
** *permi  * kv ar  3 * 1 0 8 2 - 8 7 2  2 - 6 7 2 * 9 9 7 - 6 9 7 . 6 - 5 9 7  *permj * e q u a l s i  *permk * e q u a l s i  /  10
* c p o r  6 . 1 2 3 e - 5  * p r po r  1000  * r o c k c p  3 5 . 6  
* t h c o n r  36 * thc onw 36 * t h c o n o  36 * t h c o n g  36 
♦ h l o s s p r o p  o v e r b u r  3 5 . 6  3 6 unde rbur  3 5 . 6  36
** ============== FLUID DEFINITIONS ======================
** NORTH SEA LIGHT OIL (CLRPVT96.XLS)
*model  11 10 8 ** Number o f  n o n c o n d e n s i b l e  g a s e s  i s  numy-numx = 2
** Number o f  s o l i d  compone nt s  i s  ncomp-numy = 1 
** N2 & C02 s o l u b l e  i n  t h e  l i q u i d  p e t r o l e u m  p h a s e  
** 02 & CO o n l y  i n  t h e  g a s  p h a s e  i n s o l u b l e  i n  t h e  l i q u i d  p e t r o l e u m  p h a s e
*compname 'H20'  'C21+'  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4'
★ *
*cmm 18 5 3 9 . 3 7  2 0 9 . 7 2  1 0 2 . 0 6  4 6 . 9 3
* p c r i t  3155 2 5 2 . 4 4  2 7 3 . 6 8  3 9 1 . 3 1  6 0 9 . 9 3
* t c r i t  7 0 5 . 7  8 3 2 . 1 7  8 0 9 . 3 5  5 2 2 . 9 2  2 1 3 . 8 2
’ C021 ’ N2' 0 2 ' 'CO' 'COKE'
1 6 . 0 4 3  4 4 . 0 1  2 8 . 0 1 3  32 2 8 . 0 1
6 6 7 . 2  1 0 7 1 . 0  4 9 2 . 3 1  730 5 0 7 . 5
- 1 1 6 . 5 9  8 7 . 5 6  - 2 3 2 . 5 1  - 1 8 1 . 7 2  - 2 2 0 . 7 8
*avg  0 3 . 9 2 6 e - 6 3 . 8 7 6 e - 6  3 . 1 5 6 e - 6  2 . 1 6 6 e - 6  2 . 1 2 7 e - 4  2 . 1 9 6 0 e - 4  2 . 1 9 6 0 e - 4  2 . 1 9 6 0 e - 4  2 . 1 9 6 0 e - 4  
*bvg 0 1 . 1 0 2  1 . 0 5 6  1 . 0 0 5  0 . 9 4 3  0 . 7 2 1  0 . 7 2 1  0 . 7 2 1  0 . 7 0 2  0 . 7 0 2
* a v i s c  0 4 . 0 2 e - 4  4 . 0 2 e - 4  4 . 0 2 e - 4  4 . 0 2 e - 4  4 . 0 2 e - 4  4 . 0 2 e - 4  4 . 0 2 e - 4
* b v i s c  0 6 1 2 1 . 6  6 1 2 1 . 6  6 1 2 1 . 6  6 1 2 1 . 6  6 1 2 1 . 6  6 1 2 1 . 6  6 1 2 1 . 6
** *AVISC 0 . 0  9 . 0 3 6 E - 0 2  1 . 4 1 1 E - 0 1  1 . 8 7 7 E - 0 1  2 . 0 0 3 E - 0 1  1 . 6 2 5 E - 0 1  2 . 7 4 5 E - 0 1  1 . 8 0 1 E - 0 1
** *BVISC 0 . 0  1 7 9 4 . 1 9  1 1 2 0 . 8 3  6 9 6 . 0 3  3 5 9 . 1 4  1 5 4 . 6 2  3 2 8 . 7 4  1 0 7 . 3 9
*molden 0 0 . 0 4 8 1
*cp 0 3 . 9 e - 6
**cmpnm 'H20'  'C21+'
★ ir
* c t l  0 
**
0 . 1 3 0 9  
4 e -  6 
' C l l - 2 0 '
0 . 2 0 0 0  
4 . 5 e - 6  
' C 6 -1 0 '
0 . 2 0 2 4  
5 e-  6 
' C 2 - 5 '
0 . 4 0 2 4  
6 . 5 e - 6  
' CH4'
0 . 6 6 2 3  
7 e - 6  
' C0 2 '
0 . 6 9 4 4  
7 . 5 e - 6  
' N2'
** LBMOLE/FT3 
0 2 '  'CO' 'COKE'
1 . 4 e - 4  1 . 4 9 6 e - 4  1 . 9 5 8 e - 4  2 . 5 2 7 e - 4  2 . 6 4 9 e - 4  2 . 8 3 9 e - 4  2 . 8 3 9 e - 4
** CHEMICAL REACTION 1 - C r a ck i n g :  C21+ -> CH4 + Coke
*compname 'H20'  'C21+'  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4'
**
♦ s t o r e a c  0 1 0  0 0 0
* s t o p r o d  0 0 0 0 0 7 . 4 2 2 5 8
♦ f r e q f a c  1 . 0 e 5  * e a c t  38000  * r e n t h  0 
** * f r e q f a c  2 . I e 5  * e a c t  2 5000  * r e n t h  0 
★ ★     -
** CHEMICAL REACTION 2 - C r a ck i n g :  C21+ -> C2-C5 + Coke  
*compname 'H20'  'C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4'
**





♦ s t o r e a c  0 1 0 0 0 0 0
♦ s t o p r o d  0 0 0 0 5 . 2 1 2 5 4  0 0
* f r e q f a c  0 . 7 e 5  * e a c t  39000  * r e n t h  0 
** * f r e q f a c  2 . 1 e 5  * e a c t  25000  * r e n t h  0 
★ ★     -
** CHEMICAL REACTION 3 - C r a ck i n g :  C10-C20 - >  CH4 + Coke
*compname 'H20'  'C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' 'C02'
*★     ______
* s t o r e a c  0 0 1 0 0 0 0
♦ s t o p r o d  0 0 0 0 0 3 . 3 5 4 0 6  0
* f r e q f a c  0 . 5 e 5  * e a c t  450 00  * r e n t h  0 




’ 0 2 '
' N2' ' 0 2 '  'CO' 'COKE'
’ 0 2 ' 'CO'
0 0 




0 2 1 . 6 7 3 6
CO' ’COKE'
1 1 . 4 7 4 4
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* *  CHEMICAL REACTION 4 -  Heavy O i l  Bu r ni n g:  C21+ + 02 -> H20 + CO + e n e r g y
*compname 'H20'  'C21+'  ' C1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' 'C02'  'N2'  ' 0 2 '  'CO' 'COKE'
**                   ____
* s t o r e a c  0 1 0  0 0 0  0 0  3 8 . 9 6 8 5  0
* s t o p r o d  3 9 . 5 8 7 1  0 0 0 0 0  0 0 0 3 8 . 5 1
* f r e q f a c  3 . 0 2 0 e l 0  * e a c t  13500 * r e n t h  1 0 2 9 3 . 9  
** *RTEMLOWR 7 9 0 . 0  
** *RTEMUPR 7 9 0 . 1
* * --------------------------------------------------------------------------------------------------------------------------------
** CHEMICAL REACTION 5-  Medium O i l  Bur ni ng:  C10-C20 + 02 ->  H20 + CO + e n e r g y
*compname 'H20'  'C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' 'C02'  'N2'  ' 0 2 '  'CO'
ir it
* s t o r e a c  0 0 1  0 0 0  0 0  1 5 . 3 5 8 1  0
* s t o p r o d  1 5 . 8 8 7 6  0 0  0 0 0  0 0 0  1 4 . 8 2 8 5
* f r e q f a c  3 . 0 2 0 e l 0  * e a c t  15500 * r e n t h  4 9 2 0 . 3  
** *RTEMLOWR 7 9 0 . 0  
** *RTEMUPR 7 9 0 . 1
it ir------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
* *  CHEMICAL REACTION 6-  L i g h t  O i l  Bu r ni n g:  C6-C9 + 02 - > H20 + CO + e n e r g y
♦compname 'H20'  'C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' 'C02'  'N2'  ' 0 2 '  'CO'
★ *                   ____
* s t o r e a c  0 0 0  1 0 0  0 0  7 . 6 3 3 7 8  0 0
* s t o p r o d  8 . 1 1 5 4 1  0 0  0 0 0  0 0 0  7 . 1 5 2 1 6  0
* f r e q f a c  3 . 0 2 0 e l 0  * e a c t  15500 * r e n t h  2 4 2 0 . 2
★* *RTEMLOWR 7 9 0 . 0  
** *RTEMUPR 7 9 0 . 1
* * --------------------------------------------------------------------------------------------------------------------------------
* *  CHEMICAL REACTION 7 -  Hydrocarbon Gas Bur ni ng:  C2-C5 + 02 - >  H20 + CO + e n e r g y
*compname 'H20'  'C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' 'C02'  'N2'  ' 0 2 '  'CO' 'COKE'
**                     _____
★ s t o r e a c  0 0 0  0 1 0  0 0  3 . 7 3 3 7 5  0 0
★s to pr o d 4 . 2 6 8 2 1  0 0  0 0 0  0 0 0  3 . 1 9 9 2 9  0
* f r e q f a c  3 . 0 2 0 e l 0  * e a c t  15000 * r e n t h  1 4 6 3 . 4
** *RTEMLOWR 7 9 0 . 0  
** *RTEMUPR 7 9 0 . 1
** CHEMICAL REACTION 8-  Coke Bu r ni n g:  Coke + 02 -> H20 + C02 + e n e r g y
*compname 'H20'  'C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' ' C02'  'N2'  ' 0 2 '  'CO' 'COKE'
* ★
* s t o r e a c  0 0 0
* s t o p r o d  0 . 8  0 0
* f r e q f a c  3 . 0e5 * e a c t  5500  
** *RTEMLOWR 7 9 0 . 0  
** *RTEMUPR 7 9 0 . 1  
* ★      --
** CHEMICAL REACTION 9 - Gas b u r n i n g :  CH4 + 202 - > 2H20 + C02 + e n e r g y
★compname 'H20'  'C21+'  ' C 1 0- 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' 'C02'  'N2'  ' 0 2 '  'CO' 'COKE'
*★ _____
* s t o r e a c  0 0 0
* s t o p r o d  2 0 0
* f r e q f a c  3 . 0 2 0 e l 0  * e a c t  
** *RTEMLOWR 7 9 0 . 0  
** *RTEMUPR 7 9 0 . 1
it it - - - - - - - - - - - - - - - - - - - - - - - -
** CHEMICAL REACTION 10 - Carbon Monoxi de  b u r n i n g :  CO + 0 . 5  02 - >  C02 + e n e r g y
*compname 'H20'  'C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' ' C02'  'N2'  ' 0 2 '  'CO' 'COKE'
★ *         _
♦ s t o r e a c  0 0 0 0 0
* s t o p r o d  0 0 0 0 0
* f r e q f a c  1 . 5 e 5  * e a c t  3250  * r e n t h  
** *RTEMLOWR 7 9 0 . 0  
** *RTEMUPR 7 9 0 . 1
** _________________________________
* s o l d e n  4 . 4
* *  Pse udoc ompo nent  K v a l u e  t a b l e s  f o r  p r e s s u r e s  500 p s i  & 6500 p s i  100 F t o  1300 F b e  100 de g  
i n t e r v a l s
* *  * k v t a b l i m  500 6500 100 1300 ** l o w / h i g h  p r e s s u r e ;  l o w / h i g h  t e m p e r a t u r e
* k v t a b l i m  5 0 0 .  3250 1 00 .  13 0 0 .
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0 0 0 0 . 5  1 0
0 1 0 0 0 0
2 . 8 3 8 E 5
0 0 1 0 0 1 . 5  0 0
0 0 0  0 0 0 1 0  
59450  * r e n t h  5 0 2 . 5 3 3  ** R e a c t i o n  E n t h a l p y  BTU/ lbmol e
0 0 0 0 0 1 . 4  0 1
0 0 0  1 0 0 0 0  








♦ k v t a b l e  2 ** K v a l u e  t a b l e  f o r  C21+
2 . 6 75 E- 0 4  1 . 783 E- 04  1 . 3 3 7 E - 0 4  1 . 0 7 0 E - 0 4  8 . 9 1 5 E - 0 5
5 . 3 4 9 E - 0 5  4 . 8 6 3 E - 0 5  4 . 4 5 8 E - 0 5  4 . 1 1 5 E - 0 5
2 . 0 1 0 E - 0 3  1 . 3 4 0 E - 0 3  1 . 0 0 5 E - 0 3  8 . 0 4 1 E - 0 4  6 . 7 0 1 E - 0 4
4 . 0 2 0 E - 0 4  3 . 6 5 5 E - 0 4  3 . 3 5 0 E - 0 4  3 . 0 9 3 E - 0 4
8 . 8 8 6 E - 03 5 . 9 2 4 E - 0 3  4 . 4 4 3 E - 0 3  3 . 5 5 4 E - 0 3  2 . 9 6 2 E - 0 3
1 . 7 7 7 E - 0 3  1 . 6 1 6 E - 0 3  1 . 4 8 1 E - 0 3  1 . 3 6 7 E - 0 3
2 . 7 8 0 E - 0 2  1 . 8 5 3 E - 0 2  1 . 3 9 0 E - 0 2  1 . 1 1 2 E - 0 2  9 . 2 6 7 E - 0 3
5 . 5 6 0 E - 0 3  5 . 055E- 03  4 . 6 3 4 E - 0 3  4 . 2 7 7 E - 0 3
6 . 8 5 8 E - 0 2  4 . 5 7 2 E - 0 2  3 . 4 2 9 E - 0 2  2 . 7 4 3 E - 0 2  2 . 2 8 6 E - 0 2
1 . 3 7 2 E - 0 2  1 . 247E- 02  1 . 1 4 3 E - 0 2  1 . 0 5 5 E - 0 2
1 . 4 2 7 E - 0 1  9 . 5 1 3 E - 02 7 . 1 3 5 E - 0 2  5 . 7 0 8 E - 0 2  4 . 7 5 6 E - 0 2
2 . 8 5 4 E - 0 2  2 . 5 9 4 E - 0 2  2 . 3 7 8 E - 0 2  2 . 1 9 5 E - 0 2
2 . 6 1 6 E - 0 1  1 . 7 4 4 E - 0 1  1 . 3 0 8 E - 0 1  1 . 0 4 7 E - 0 1  8 . 7 2 1 E - 0 2
5 . 2 33 E- 0 2  4 . 7 5 7 E - 0 2  4 . 3 6 1 E - 0 2  4 . 0 2 5 E - 0 2
4 . 3 5 7 E - 0 1  2 . 9 0 5 E - 0 1  2 . 1 7 9 E - 0 1  1 . 7 4 3 E - 0 1  1 . 4 5 2 E - 0 1
8 . 7 1 5 E - 0 2  7 . 9 2 2 E - 0 2  7 . 2 6 2 E - 0 2  6 . 7 0 4 E - 0 2
6 . 7 3 2 E - 0 1  4 . 4 8 8 E - 0 1  3 . 3 6 6 E - 0 1  2 . 6 9 3 E - 0 1  2 . 2 4 4 E - 0 1
1 . 3 4 6 E - 0 1  1 . 2 2 4 E - 0 1  1 . 1 2 2 E - 0 1  1 . 0 3 6 E - 0 1
9 . 8 0 0 E - 0 1  6 . 5 3 3 E - 0 1  4 . 9 0 0 E - 0 1  3 . 9 2 0 E - 0 1  3 . 2 6 7 E - 0 1
1 . 9 6 0E -0 1  1 . 7 8 2 E - 0 1  1 . 6 3 3 E - 0 1  1 . 5 0 8 E - 0 1
1 . 359E+00 9 . 0 6 3 E - 0 1  6 . 7 9 7 E - 0 1  5 . 4 3 8 E - 0 1  4 . 5 3 2 E - 0 1
2 . 7 1 9 E - 0 1  2 . 4 7 2 E - 0 1  2 . 2 6 6 E - 0 1  2 . 0 9 1 E - 0 1
1 . 8 1 2 9 8  1 . 2 0 8 6 6  9 . 0 6 5 E - 0 1  7 . 2 5 2 E - 0 1  6 . 0 4 3 E - 0 1
3 . 6 26 E- 0 1  3 . 2 9 6 E - 0 1  3 . 0 2 2 E - 0 1  2 . 7 8 9 E - 0 1
2 . 3 3 9 9 8  1 . 5 5 9 9 9  1 . 1 6 9 9 9  9 . 3 6 0 E - 0 1  7 . 8 0 0 E - 0 1
4 . 6 8 0 E - 0 1  4 . 2 5 5 E - 01 3 . 9 0 0 E - 0 1  3 . 6 0 0 E - 0 1
* k v t a b l e  3 ** K v a l u e  t a b l e  f o r  C11-C20
4 . 7 7 9 E - 0 4  3 . 1 8 6 E - 0 4  2 . 3 9 0 E - 0 4  1 . 9 1 2 E - 0 4  1 . 5 9 3 E - 0 4
9 . 5 5 9 E - 0 5  8 . 6 9 0 E - 0 5  7 . 9 6 6 E - 0 5  7 . 3 5 3 E - 0 5
3 . 2 2 6 E - 0 3  2 . 1 5 1 E - 0 3  1 . 6 1 3 E - 0 3  1 . 2 9 1 E - 0 3  1 . 0 7 5 E - 0 3
6 . 45 3E- 04  5 . 8 6 6 E - 0 4  5 . 3 7 7 E - 0 4  4 . 9 6 4 E - 0 4
1 . 3 18 E- 0 2  8 . 7 8 5 E - 0 3  6 . 5 8 9 E - 0 3  5 . 2 7 1 E - 0 3  4 . 3 9 3 E - 0 3
2 . 6 3 6 E - 0 3  2 . 3 9 6 E - 0 3  2 . 1 9 6 E - 0 3  2 . 0 2 7 E - 0 3
3 . 88 0E- 02  2 . 5 8 7 E - 0 2  1 . 9 4 0 E - 0 2  1 . 5 5 2 E - 0 2  1 . 2 9 3 E - 0 2
7 . 7 6 0 E - 0 3  7 . 0 5 4 E - 0 3  6 . 4 6 7 E - 0 3  5 . 9 6 9 E - 0 3
9 . 1 2 2 E - 0 2  6 . 0 8 2 E - 0 2  4 . 5 6 1 E - 0 2  3 . 6 4 9 E - 0 2  3 . 0 4 1 E - 0 2
1 . 8 2 4 E - 0 2  1 . 6 5 9 E - 0 2  1 . 5 2 0 E - 0 2  1 . 4 0 3 E - 0 2
1 . 8 2 5 E - 0 1  1 . 2 1 7 E - 0 1  9 . 1 2 6 E - 0 2  7 . 3 0 1 E - 0 2  6 . 0 8 4 E - 0 2
3 . 6 5 1 E - 02 3 . 3 1 9 E - 0 2  3 . 0 4 2 E - 0 2  2 . 8 0 8 E - 0 2
3 . 2 4 1 E - 0 1  2 . 1 6 0 E - 0 1  1 . 6 2 0 E - 0 1  1 . 2 9 6 E - 0 1  1 . 0 8 0 E - 0 1
6 . 4 8 1 E - 02 5 . 892E-02  5 . 4 0 1 E - 0 2  4 . 9 8 6 E - 0 2
5 . 2 5 2 E - 01 3 . 5 0 2 E - 0 1  2 . 6 2 6 E - 0 1  2 . 1 0 1 E - 0 1  1 . 7 5 1 E - 0 1
1 . 0 5 0 E - 0 1  9 . 5 5 0 E - 0 2  8 . 7 5 4 E - 0 2  8 . 0 8 0 E - 0 2
5 . 2 8 6 E - 0 1  3 . 9 6 5 E - 0 1  3 . 1 7 2 E - 0 1  2 . 6 4 3 E - 0 1
5 86 E - 0 1  1 . 4 4 2 E - 0 1  1 . 3 2 2 E - 0 1  1 . 2 2 0 E - 0 1
0 . 5 6 5 6 8  0 . 4 5 2 5 5  3 . 7 7 1 E - 0 1
057E- 01  1 . 8 8 6 E - 0 1  1 . 7 4 1 E - 0 1
0 . 7 7 1 1 8  0 . 6 1 6 9 5
28043 0 . 2 5 7 0 6
1 . 0 1 2 8 1  0.
36829 0 . 3 3 7 6 0
0 . 7 9 2 9 1
1.
1 . 1 3 1 3 6
2.






0 . 5 1 4 1 2
3 73E- 01
0 . 6 7 5 2 1
31163
0 . 8 5 9 7 1
39679
0 . 7 5 4 2 4  
2 6 3E -0 1  2.
1 . 0 2 8 2 4  
, 30847  0.
2 . 026E+00 1 . 3 5 0 4 1
0 . 4 0 5 1 2  0,
2 . 579E+00 1 . 719E+00 1 . 2 90 E+00  1,
0 . 5 1 5 8 3  0 . 4 6 8 9 4  0 . 4 2 9 8 6
* k v t a b l e  4 ** K v a l u e  t a b l e  f o r  C 6- 10
1 . 0 9 6 0 E - 0 2  7 . 3 0 6 9 E - 0 3  5 . 4 8 0 2 E - 0 3  4 . 3 8 4 1 E - 0 3  3 . 6 5 3 4 E - 0 3
2 . 19 21 E- 0 3  1 . 9928E- 03  1 . 8 2 6 7 E - 0 3  1 . 6 8 6 2 E - 0 3
0 . 0 4 9 2 7 2  0 . 0 3 2 8 4 8  0 . 0 2 4 6 3 6  0 . 0 1 9 7 0 9  0 . 0 1 6 4 2 4
0 . 0 0 9 8 5 4  0 . 0 0 8 9 5 9  0 . 0 0 8 2 1 2  0 . 0 0 7 5 8 0
0 . 1 4 9 1 3 9  0 . 0 9 9 4 2 6  0 . 0 7 4 5 7 0  0 . 0 5 9 6 5 6  0 . 0 4 9 7 1 3
0 . 0 2 9 8 2 8  0 . 0 2 7 1 1 6  0 . 0 2 4 8 5 7  0 . 0 2 2 9 4 5
0 . 3 4 8 9 2 0  0 . 2 3 2 6 1 3  0 . 1 7 4 4 6 0  0 . 1 3 9 5 6 8  0 . 1 1 6 3 0 7
0 . 0 6 9 7 8 4  0 . 0 6 3 4 4 0  0 . 0 5 8 1 5 3  0 . 0 5 3 6 8 0
0 . 6 8 3 8 4 4  0 . 4 5 5 8 9 6  0 . 3 4 1 9 2 2  0 . 2 7 3 5 3 8  0 . 2 2 7 9 4 8
0 . 1 3 6 7 6 9  0 . 1 2 4 3 3 5  0 . 1 1 3 9 7 4  0 . 1 0 5 2 0 7
1 . 1 8 0 4 5 8  0 . 7 8 6 9 7 2  0 . 5 9 0 2 2 9  0 . 4 7 2 1 8 3  0 . 3 9 3 4 8 6
0 . 2 3 6 0 9 2  0 . 2 1 4 6 2 9  0 . 1 9 6 7 4 3  0 . 1 8 1 6 0 9
1 . 8 5 4 7  1 . 2 3 6 4  0 . 9 2 7 3  0 . 7 4 1 9  0 . 6 1 8 2
0 . 3 7 0 9  0 . 3 3 7 2  0 . 3 0 9 1  0 . 2 8 5 3
7 . 642 E-05  
5 . 7 4 3 E - 0 4  
2 . 5 3 9 E - 0 3  
7 . 9 4 3 E - 0 3  
1 . 960E-02  
4 . 0 7 7 E - 0 2  
7 . 4 7 5 E - 0 2  
1 . 2 4 5 E - 0 1  
1 . 9 2 3 E - 0 1  
2 . 8 0 0 E - 0 1  
3 . 884E- 01  
5 . 1 8 0 E - 0 1  
6 . 6 8 6 E - 0 1
1 . 3 6 6 E - 0 4
9 . 2 1 9 E - 0 4
3 . 7 6 5 E - 0 3
1 . 109E- 02
2 . 6 0 6 E - 0 2
5 . 215E-02
9 . 259E-02
1 . 501E- 01
2 . 2 6 5 E - 0 1
3 . 2 3 2 E - 0 1
0 . 4 4 0 6 8
0 . 5 7 8 7 5
0 . 7 3 6 9 0
6 . 6 8 6 E - 0 5  
5 . 0 2 6 E - 0 4  
2 . 2 2 2 E - 0 3  
6 . 9 5 0 E - 0 3  
1 . 7 1 5 E - 0 2  
3 . 567E- 02  
6 . 5 4 1 E - 0 2  
1 . 089E- 01  
1 . 6 8 3 E - 01 
2 . 4 5 0 E - 0 1  
3 . 3 9 9 E - 0 1  
4 . 5 3 2 E - 0 1  
5 . 8 5 0 E - 0 1
1 . 1 9 5 E - 0 4  
8 . 0 6 6 E - 0 4  
3 . 2 9 4 E - 03 
9 . 7 0 0 E - 0 3  
2 . 2 81 E- 02  
4 . 5 6 3 E - 0 2  
8 . 101 E- 02  
1 . 31 3E- 01  
1 . 98 2E- 01  
2 . 8 2 8 E - 0 1  
0 . 3 8 5 5 9  
0 . 5 0 6 4 0  
0 . 6 4 4 7 9
3 . 1 3 1 5 E - 0 3  2 . 7 4 0 1 E - 0 3
0 . 0 1 4 0 7 8  0 . 0 1 2 3 1 8
0 . 0 4 2 6 1 1  0 . 0 3 7 2 8 5
0 . 0 9 9 6 9 1  0 . 0 8 7 2 3 0
0 . 1 9 5 3 8 4  0 . 1 7 0 9 6 1
0 . 3 3 7 2 7 4  0 . 2 9 5 1 1 4
0 . 5 2 9 9 0 . 4 6 3 7
5 . 9 4 3 E - 0 5  
4 . 467E-04  
1 . 975E-03  
6 . 1 7 8 E - 0 3  
1 . 5 2 4 E - 0 2  
3 . 1 7 1 E - 0 2  
5 . 814E- 02  
9 . 683E- 02  
1 . 4 9 6 E - 0 1  
2 . 1 7 8 E - 0 1  
3 . 0 2 1 E - 0 1  
4 . 029 E- 01  
5 . 2 0 0 E - 0 1
1 . 062E-04
7 . 1 7 0 E - 0 4
2 . 9 2 8 E - 0 3
8 . 6 2 2 E - 0 3
2 . 0 2 7 E - 0 2
4 . 0 5 6 E - 0 2
7 . 201E-02
1 . 1 6 7 E - 0 1
1 . 7 6 2 E - 0 1
2 . 514E- 01
0 . 3 4 2 7 5
0 . 4 5 0 1 4
0 . 5 7 3 1 4
2 . 4 3 5 6 E - 0 3
0 . 0 1 0 9 4 9
0 . 0 3 3 1 4 2
0 . 0 7 7 5 3 8
0 . 1 5 1 9 6 5
0 . 2 6 2 3 2 4
0 . 4 1 2 1
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2 . 7 1 2 3  1 . 8 0 8 2  1 . 3 5 6 1  1 . 0 8 4 9  0 . 9 0 4 1  0 . 7 7 4 9  0 . 6 7 8 1  0 . 6 0 2 7
0 . 5 4 2 5  0 . 4 9 3 1  0 . 4 5 2 0  0 . 4 1 7 3
3 . 7 5 0 9  2 . 5 0 0 6  1 . 8 7 5 4  1 . 5 0 0 3  1 . 2 5 0 3  1 . 0 7 1 7  0 . 9 3 7 7  0 . 8 3 3 5
0 . 7 5 0 2  0 . 6 8 2 0  0 . 6 2 5 1  0 . 5 7 7 1
4 . 9 6 1 8  3 . 3 0 7 9  2 . 4 8 0 9  1 . 9 8 4 7  1 . 6 5 3 9  1 . 4 1 7 7  1 . 2 4 0 4  1 . 1 0 2 6
0 . 9 9 2 4  0 . 9 0 2 1  0 . 8 2 7 0  0 . 7 6 3 4
6 . 3 3 2 4  4 . 2 2 1 6  3 . 1 6 6 2  2 . 5 3 3 0  2 . 1 1 0 8  1 . 8 0 9 3  1 . 5 8 3 1  1 . 4 0 7 2
1 . 2 6 6 5  1 . 1 5 1 3  1 . 0 5 5 4  0 . 9 7 4 2
7 . 8 4 7 6  5 . 2 3 1 7  3 . 9 2 3 8  3 . 1 3 9 0  2 . 6 1 5 9  2 . 2 4 2 2  1 . 9 6 1 9  1 . 7 4 3 9
1 . 5 6 9 5  1 . 4 2 6 8  1 . 3 0 7 9  1 . 2 0 7 3
9 . 4 9 1 1  6 . 3 2 7 4  4 . 7 4 5 5  3 . 7 9 6 4  3 . 1 6 3 7  2 . 7 1 1 7  2 . 3 7 2 8  2 . 1 0 9 1
1 . 8 9 8 2  1 . 7 2 5 7  1 . 5 8 1 8  1 . 4 6 0 2
* k v t a b l e  5 ** K v a l u e  t a b l e  f o r  C2-5
4 . 0 6 6 0 E - 0 1  2 . 7 1 0 7 E - 01 2 . 0 3 3 0 E - 0 1  1 . 6 2 6 4 E - 0 1  1 . 3 5 5 3 E - 0 1  1 . 1 6 1 7 E - 0 1  1 . 0 1 6 5 E - 0 1  9 . 0 3 5 5 E - 0 2
8 . 1 3 2 0 E - 0 2  7 . 3 9 2 7 E - 0 2  6 . 7 7 6 6 E - 0 2  6 . 2 5 5 4 E - 0 2
I . 0893E+00 7 . 2 6 2 1 E - 0 1  5 . 4 4 6 6 E - 0 1  4 . 3 5 7 3 E - 0 1  3 . 6 3 1 0 E - 0 1  3 . 1 1 2 3 E - 0 1  2 . 7 2 3 3 E - 0 1  2 . 4 2 0 7 E - 0 1
2 . 1 7 8 6 E - 0 1  1 . 9 8 0 6 E - 01 1 . 8 1 5 5 E - 0 1  1 . 6 7 5 9 E - 0 1
2 . 2 5 1 7  1 . 5 0 1 1  1 . 1 2 5 9  0 . 9 0 0 7  0 . 7 5 0 6  0 . 6 4 3 3  0 . 5 6 2 9  0 . 5 0 0 4
0 . 4 5 0 3  0 . 4 0 9 4  0 . 3 7 5 3  0 . 3 4 6 4
3 . 9 3 1 3  2 . 6 2 0 8  1 . 9 6 5 6  1 . 5 7 2 5  1 . 3 1 0 4  1 . 1 2 3 2  0 . 9 8 2 8  0 . 8 7 3 6
0 . 7 8 6 3  0 . 7 1 4 8  0 . 6 5 5 2  0 . 6 0 4 8
6 . 1 1 1 2  4 . 0 7 4 2  3 . 0 5 5 6  2 . 4 4 4 5  2 . 0 3 7 1  1 . 7 4 6 1  1 . 5 2 7 8  1 . 3 5 8 1
1 . 2 2 2 2  1 . 1 1 1 1  1 . 0 1 8 5  0 . 9 4 0 2
8 . 7 4 1 3  5 . 8 2 7 6  4 . 3 7 0 7  3 . 4 9 6 5  2 . 9 1 3 8  2 . 4 9 7 5  2 . 1 8 5 3  1 . 9 4 2 5
1 . 7 4 8 3  1 . 5 8 9 3  1 . 4 5 6 9  1 . 3 4 4 8
I I . 7 5 5 0  7 . 8 3 6 7  5 . 8 7 7 5  4 . 7 0 2 0  3 . 9 1 8 3  3 . 3 5 8 6  2 . 9 3 8 8  2 . 6 1 2 2
2 . 3 5 1 0  2 . 1 3 7 3  1 . 9 5 9 2  1 . 8 0 8 5
1 5 . 0 8 1 7  1 0 . 0 5 4 5  7 . 5 4 0 9  6 . 0 3 2 7  5 . 0 2 7 2  4 . 3 0 9 1  3 . 7 7 0 4  3 . 3 5 1 5
3 . 0 1 6 3  2 . 7 4 2 1  2 . 5 1 3 6  2 . 3 2 0 3
1 8 . 6 5 3 6  1 2 . 4 3 5 7  9 . 3 2 6 8  7 . 4 6 1 4  6 . 2 1 7 9  5 . 3 2 9 6  4 . 6 6 3 4  4 . 1 4 5 2
3 . 7 3 0 7  3 . 3 9 1 6  3 . 1 0 8 9  2 . 8 6 9 8
2 2 . 4 0 9 2  1 4 . 9 3 9 5  1 1 . 2 0 4 6  8 . 9 6 3 7  7 . 4 6 9 7  6 . 4 0 2 6  5 . 6 0 2 3  4 . 9 7 9 8
4 . 4 8 1 8  4 . 0 7 4 4  3 . 7 3 4 9  3 . 4 4 7 6
2 6 . 2 9 5 4  1 7 . 5 3 0 2  1 3 . 1 4 7 7  1 0 . 5 1 8 1  8 . 7 6 5 1  7 . 5 1 3 0  6 . 5 7 3 8  5 . 8 4 3 4
5 . 2 5 9 1  4 . 7 8 1 0  4 . 3 8 2 6  4 . 0 4 5 4
3 0 . 2 6 6 6  2 0 . 1 7 7 7  1 5 . 1 3 3 3  1 2 . 1 0 6 6  1 0 . 0 8 8 9  8 . 6 4 7 6  7 . 5 6 6 6  6 . 7 2 5 9
6 . 0 5 3 3  5 . 5 0 3 0  5 . 0 4 4 4  4 . 6 5 6 4
3 4 . 2 8 5 2  2 2 . 8 5 6 8  1 7 . 1 4 2 6  1 3 . 7 1 4 1  1 1 . 4 2 8 4  9 . 7 9 5 8  8 . 5 7 1 3  7 . 6 1 8 9
6 . 8 5 7 0  6 . 2 3 3 7  5 . 7 1 4 2  5 . 2 7 4 6
♦ k v t a b l e  6 ** K v a l u e  t a b l e  f o r  CH4
1 0 . 8 8 6 5  7 . 2 5 7 7  5 . 4 4 3 2  4 . 3 5 4 6  3 . 6 2 8 8  3 . 1 1 0 4  2 . 7 2 1 6  2 . 4 1 9 2
2 . 1 7 7 3  1 . 9 7 9 4  1 . 8 1 4 4  1 . 6 7 4 8
1 8 . 0 1 4 4  1 2 . 0 0 9 6  9 . 0 0 7 2  7 . 2 0 5 8  6 . 0 0 4 8  5 . 1 4 7 0  4 . 5 0 3 6  4 . 0 0 3 2
3 . 6 0 2 9  3 . 2 7 5 4  3 . 0 0 2 4  2 . 7 7 1 5
2 6 . 1 0 9 2  1 7 . 4 0 6 1  1 3 . 0 5 4 6  1 0 . 4 4 3 7  8 . 7 0 3 1  7 . 4 5 9 8  6 . 5 2 7 3  5 . 8 0 2 0
5 . 2 2 1 8  4 . 7 4 7 1  4 . 3 5 1 5  4 . 0 1 6 8
3 4 . 7 1 2 3  2 3 . 1 4 1 5  1 7 . 3 5 6 1  1 3 . 8 8 4 9  1 1 . 5 7 0 8  9 . 9 1 7 8  8 . 6 7 8 1  7 . 7 1 3 8
6 . 9 4 2 5  6 . 3 1 1 3  5 . 7 8 5 4  5 . 3 4 0 4
4 3 . 4 9 1 5  2 8 . 9 9 4 3  2 1 . 7 4 5 8  1 7 . 3 9 6 6  1 4 . 4 9 7 2  1 2 . 4 2 6 1  1 0 . 8 7 2 9  9 . 6 6 4 8
8 . 6 9 8 3  7 . 9 0 7 5  7 . 2 4 8 6  6 . 6 9 1 0
5 2 . 2 2 1 6  3 4 . 8 1 4 4  2 6 . 1 1 0 8  2 0 . 8 8 8 6  1 7 . 4 0 7 2  1 4 . 9 2 0 5  1 3 . 0 5 5 4  1 1 . 6 0 4 8
1 0 . 4 4 4 3  9 . 4 9 4 8  8 . 7 0 3 6  8 . 0 3 4 1
6 0 . 7 5 7 3  4 0 . 5 0 4 9  3 0 . 3 7 8 6  2 4 . 3 0 2 9  2 0 . 2 5 2 4  1 7 . 3 5 9 2  1 5 . 1 8 9 3  1 3 . 5 0 1 6
1 2 . 1 5 1 5  1 1 . 0 4 6 8  1 0 . 1 2 6 2  9 . 3 4 7 3
6 9 . 0 0 9 7  4 6 . 0 0 6 5  3 4 . 5 0 4 9  2 7 . 6 0 3 9  2 3 . 0 0 3 2  1 9 . 7 1 7 1  1 7 . 2 5 2 4  1 5 . 3 3 5 5
1 3 . 8 0 1 9  1 2 . 5 4 7 2  1 1 . 5 0 1 6  1 0 . 6 1 6 9
7 6 . 9 2 8 6  5 1 . 2 8 5 8  3 8 . 4 6 4 3  3 0 . 7 7 1 5  2 5 . 6 4 2 9  2 1 . 9 7 9 6  1 9 . 2 3 2 2  1 7 . 0 9 5 3
1 5 . 3 8 5 7  1 3 . 9 8 7 0  1 2 . 8 2 1 4  1 1 . 8 3 5 2
8 4 . 4 8 9 6  5 6 . 3 2 6 4  4 2 . 2 4 4 8  3 3 . 7 9 5 8  2 8 . 1 6 3 2  2 4 . 1 3 9 9  2 1 . 1 2 2 4  1 8 . 7 7 5 5
1 6 . 8 9 7 9  1 5 . 3 6 1 7  1 4 . 0 8 1 6  1 2 . 9 9 8 4
9 1 . 6 8 5 0  6 1 . 1 2 3 4  4 5 . 8 4 2 5  3 6 . 6 7 4 0  3 0 . 5 6 1 7  2 6 . 1 9 5 7  2 2 . 9 2 1 3  2 0 . 3 7 4 5
1 8 . 3 3 7 0  1 6 . 6 7 0 0  1 5 . 2 8 0 8  1 4 . 1 0 5 4
9 8 . 5 1 8 3  6 5 . 6 7 8 9  4 9 . 2 5 9 2  3 9 . 4 0 7 3  3 2 . 8 3 9 4  2 8 . 1 4 8 1  2 4 . 6 2 9 6  2 1 . 8 9 3 0
1 9 . 7 0 3 7  1 7 . 9 1 2 4  1 6 . 4 1 9 7  1 5 . 1 5 6 7
1 0 4 . 9 9 9 7  6 9 . 9 9 9 8  5 2 . 4 9 9 9  4 1 . 9 9 9 9  3 4 . 9 9 9 9  2 9 . 9 9 9 9  2 6 . 2 4 9 9  2 3 . 3 3 3 3
2 0 . 9 9 9 9  1 9 . 0 9 0 9  1 7 . 5 0 0 0  1 6 . 1 5 3 8
♦ k v t a b l e  7 ** K v a l u e  t a b l e  f o r  C02
2 . 4 9 1 4  1 . 6 6 0 9  1 . 2 4 5 7  0 . 9 9 6 6  0 . 8 3 0 5  0 . 7 1 1 8  0 . 6 2 2 9  0 . 5 5 3 6
0 . 4 9 8 3  0 . 4 5 3 0  0 . 4 1 5 2  0 . 3 8 3 3
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6 . 8 2 4 9
1.
1 4 . 3 4 1 1
2.
2 5 . 3 5 5 3
5.
3 9 . 8 1 0 3  
7 .
5 7 . 4 0 5 7
4 . 5 5 0 0  3 . 4 1 2 5  2 . 7 3 0 0  2 . 2 7 5 0
3650 1 . 2 4 0 9  1 . 1 3 7 5  1 . 0 5 0 0
9 . 5 6 0 7  7 . 1 7 0 5  5 . 7 3 6 4  4 . 7 8 0 4
8682 2 . 6 0 7 5  2 . 3 9 0 2  2 . 2 0 6 3
1 6 . 9 0 3 5  1 2 . 6 7 7 6  1 0 . 1 4 2 1  8 . 4 5 1 8
0711 4 . 6 1 0 1  4 . 2 2 5 9  3 . 9 0 0 8
2 6 . 5 4 0 2  1 9 . 9 0 5 2  1 5 . 9 2 4 1  1 3 . 2 7 0 1
9621 7 . 2 3 8 2  6 . 6 3 5 1  6 . 1 2 4 7
3 8 . 2 7 0 5  2 8 . 7 0 2 9  2 2 . 9 6 2 3  1 9 . 1 3 5 2
1 1 . 4 8 1 1 1 0 . 4 3 7 4 9 . 5 6 7 6 8 . 8 3 1 7
7 7 . 7 1 5 6 5 1 . 8 1 0 4 3 8 . 8 5 7 8 3 1 . 0 8 6 2 2 5 . 9 0 5 2
1 5 . 5 4 3 1 1 4 . 1 3 0 1 1 2 . 9 5 2 6 1 1 . 9 5 6 2
1 0 0 . 2 7 2 0 6 6 . 8 4 8 0 5 0 . 1 3 6 0 4 0 . 1 0 8 8 33 . 42 40
2 0 . 0 5 4 4 1 8 . 2 3 1 3 1 6 . 7 1 2 0
1 2 4 . 6 1 6 6 8 3 . 0 7 7 7
1 5 . 4 2 6 5
4 1 . 5 3 8 96 2 . 3 0 8 3  4 9 . 8 4 6 6
2 4 . 9 2 3 3  2 2 . 6 5 7 6  2 0 . 7 6 9 4  1 9 . 1 7 1 8
1 5 0 . 3 2 8 4  1 0 0 . 2 1 8 9  7 5 . 1 6 4 2  6 0 . 1 3 1 4  5 0 . 1 0 9 5
3 0 . 0 6 5 7  2 7 . 3 3 2 4  2 5 . 0 5 4 7  2 3 . 1 2 7 4
1 7 7 . 0 3 6 2  1 1 8 . 0 2 4 1  8 8 . 5 1 8 1  7 0 . 8 1 4 5  5 9 . 0 1 2 1
3 5 . 4 0 7 2  3 2 . 1 8 8 4  2 9 . 5 0 6 0  2 7 . 2 3 6 3
2 0 4 . 4 2 1 4  1 3 6 . 2 8 0 9  1 0 2 . 2 1 0 7  8 1 . 7 6 8 5  6 8 . 1 4 0 5
4 0 . 8 8 4 3  3 7 . 1 6 7 5  3 4 . 0 7 0 2  3 1 . 4 4 9 4
1 5 4 . 8 1 0 7  1 1 6 . 1 0 8 0  9 2 . 8 8 6 4  7 7 . 4 0 5 4
4 2 . 2 2 1 1  3 8 . 7 0 2 7  3 5 . 7 2 5 6
2 3 2 . 2 1 6 1
4 6 . 4 4 3 2
I . 9 5 0 0  
4 . 0 9 7 5  
7 . 2 4 4 4
I I . 3 7 4 4  
1 6 . 4 0 1 6  
2 2 . 2 0 4 5  
2 8 . 6 4 9 1  
3 5 . 6 0 4 7  
4 2 . 9 5 1 0  
5 0 . 5 8 1 8  
5 8 . 4 0 6 1  
6 6 . 3 4 7 5
1 . 7 0 6 2
3 . 5 8 5 3
6 . 3 3 8 8
9 . 9 5 2 6
1 4 . 3 5 1 4
1 9 . 4 2 8 9
2 5 . 0 6 8 0
3 1 . 1 5 4 1
3 7 . 5 8 2 1
4 4 . 2 5 9 0
5 1 . 1 0 5 3
5 8 . 0 5 4 0
2 5 . 2 1 7 8  2 2 . 9 2 5 3  2 1 . 0 1 4 8  1 9 . 3 9 8 3
** R e f e r e n c e  c o n d i t i o n s
* p r s r  1 4 . 7  * t emr 60 * p s u r f  1 4 . 7  * t s u r f  60 
** PRSR 6 0 0 . 0  * *  r e f e r e n c e  p r e s s u r e .  c o r r e s p o n d i n g
*★ TEMR 1 7 5 . 0  ** r e f e r e n c e  t e m p e r a t u r e ,  c o r r e s p o n d i n g
** PSURP 1 4 . 7  ** p r e s s u r e  a t  s u r f a c e .  f o r  r e p o r t i n g
** TSURF 6 2 . 3  * *  t e m p e r a t u r e  a t  s u r f a c e ,  f o r  r e p o r t i n g
t o  t h e  d e n s i t y  
t o  t h e  d e n s i t y  
w e l l  r a t e s ,  e t c .  
w e l l  r a t e s . e t c .
1 . 5 1 6 7
3 . 1 8 6 9
5 . 6 3 4 5
8 . 8 4 6 7
1 2 . 7 5 6 8
1 7 . 2 7 0 1
2 2 . 2 8 2 7
2 7 . 6 9 2 6
3 3 . 4 0 6 3
3 9 . 3 4 1 4
4 5 . 4 2 7 0
5 1 . 6 0 3 6
♦ k v t a b l e 8 ** K v a l u e  t a b l e  f o r  N2
2 7 . 0188 1 8 . 0 1 2 5 1 3 . 5 0 9 4 1 0 . 8 0 7 5 9 . 0 0 6 3 7 . 7 1 9 7 6 . 7 5 4 7 6 . 0 0 4 2
5. 4038 4. 9125 4 . 5031 4. 1567
3 8. 0483 2 5 . 3 6 5 5 1 9 . 0 2 4 1 1 5 . 2 1 9 3 1 2 . 6 8 2 8 1 0 . 8 7 0 9 9 . 5 1 2 1 8 . 4 5 5 2
7 . 6097 6. 9179 6. 3414 5. 8536
4 8 . 9645 3 2 . 6 4 3 0 2 4 . 4 8 2 2 1 9 . 5 8 5 8 1 6 . 3 2 1 5 1 3 . 9 8 9 8 1 2 . 2 4 1 1 1 0 . 8 8 1 0
9. 7929 8. 9026 8. 1607 7. 5330
5 9 . 4225 3 9 . 6 1 5 0 2 9 . 7 1 1 3 2 3 . 7 6 9 0 1 9 . 8 0 7 5 1 6 . 9 7 7 9 1 4 . 8 5 5 6 1 3 . 2 0 5 0
11 . 88 4 5  10 . 8 0 4 1  9. 9038 9. 1419
69 . 2638 4 6 . 1 7 5 9 3 4 . 6 3 1 9 2 7 . 7 0 5 5 2 3 . 0 8 7 9 1 9 . 7 8 9 7 1 7 . 3 1 6 0 1 5 . 3 9 2 0
13 . 85 2 8  12 . 59 34  11 . 5 4 4 0  10 . 65 6 0
78 . 4340 5 2 . 2 8 9 3 3 9 . 2 1 7 0 3 1 . 3 7 3 6 2 6 . 1 4 4 7 2 2 . 4 0 9 7 1 9 . 6 0 8 5 1 7 . 4 2 9 8
15 . 68 6 8  14 . 26 07  13 . 0 7 2 3  12 . 06 68
86. 9345 5 7 . 9 5 6 3 43 . 4672 3 4 . 7 7 3 8 2 8 . 9 7 8 2 2 4 . 8 3 8 4 2 1 . 7 3 3 6 1 9 . 3 1 8 8
17 . 38 6 9  15 . 806 3 14 . 4 8 9 1  13 . 37 45
94 . 7952 6 3 . 1 9 6 8 47 . 3976 3 7 . 9 1 8 1 3 1 . 5 9 8 4 2 7 . 0 8 4 3 2 3 . 6 9 8 8 2 1 . 0 6 5 6
18 . 95 90  17 . 2 3 5 5  15 . 7 9 9 2  14 .5 839
102 . 0 5 9 2 6 8 . 0 3 9 5 5 1 . 0 2 9 6 4 0 . 8 2 3 7 3 4 . 0 1 9 7 2 9 . 1 5 9 8 2 5 . 5 1 4 8 2 2 . 6 7 9 8
20 . 41 18  18 . 5 5 6 2  17 . 0 0 9 9  15 . 701 4
108 . 7 7 4 1 7 2 . 5 1 6 1 5 4 . 3 8 7 1 4 3 . 5 0 9 7 3 6 . 2 5 8 0 3 1 . 0 7 8 3 2 7 . 1 9 3 5 2 4 . 1 7 2 0
21 . 75 48  19 . 7 7 7 1  18 . 1 2 9 0  16 .7 3 45
114 . 9 8 7 6 7 6 . 6 5 8 4 57 . 4938 4 5 . 9 9 5 1 3 8 . 3 2 9 2 3 2 . 8 5 3 6 2 8 . 7 4 6 9 2 5 . 5 5 2 8
22 . 9 9 7 5  20 . 90 68  19 . 1 6 4 6  17 . 69 0 4
120 . 7 4 5 2 8 0 . 4 9 6 8 6 0 . 3 7 2 6 4 8 . 2 9 8 1 4 0 . 2 4 8 4 3 4 . 4 9 8 6 3 0 . 1 8 6 3 2 6 . 8 3 2 3
24 . 14 9 0  21 . 953 7 20 . 1 2 4 2  18 . 57 62
126 . 0 8 9 1 8 4 . 0 5 9 4 6 3 . 0 4 4 5 5 0 . 4 3 5 6 4 2 . 0 2 9 7 3 6 . 0 2 5 4 3 1 . 5 2 2 3 2 8 . 0 1 9 8
**  ======-------  ROCK-FLUID PROPERTIES
* r o c k f l u i d
* sw t  ** W a t e r - o i l  r e l a t i v e  p e r m e a b i l i t i e s
** S i w = Sw ir  = 0 . 2 4  
** Kroiw = 0 . 4  
** Sw 
* * ---------------
0 . 2 4
0 . 2 8 1 8 1 8
0 . 3 2 3 6 3 6
0 . 3 6 5 4 5 5
Sorw = 0 . 3  
Krwro = 0 . 1  
Krw
So rg  = 0 . 1  
Krgro = 0 . 2
0 . 0 0 0 2 4 9
0 . 0 0 1 4 1
0 . 0 0 3 8 8 4
Sgc  = 0 . 0 6  
Krow
0 . 4
0 . 3 3 0 5 7 9
0 . 2 6 7 7 6 9
0 . 2 1 1 5 7
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0 . 4 0 7 2 7 3 0 . 0 0 7 9 7 4 0 . 1 6 1 9 8 3
0 . 4 4 9 0 9 1 0 . 0 1 3 9 3 0 . 1 1 9 0 0 8
0 . 4 9 0 9 0 9 0 . 0 2 1 9 7 3 0 . 0 8 2 6 4 5
0 . 5 3 2 7 2 7 0 . 0 3 2 3 0 5 0 . 0 5 2 8 9 3
0 . 5 7 4 5 4 5 0 . 0 4 5 1 0 7 0 . 0 2 9 7 5 2
0 . 6 1 6 3 6 4 0 . 0 6 0 5 5 1 0 . 0 1 3 2 2 3
0 . 6 5 8 1 8 2 0 . 0 7 8 7 9 9 0 . 0 0 3 3 0 6
0 . 7 0 . 1 0
♦ s i t  ♦♦ L i q u i d - g a s  r e l a t i v e  p e r m e a b i l i t i e s
**SL Krg Krog
* *     ---
0.  24 0 . 2 0
0 . 3 4 0 . 1 5 8 7 1 2 0
0 . 3 7 7 5 0 . 1 4 4 0 6 8 0 . 0 0 0 6 4 6
0 . 4 1 5 0 . 1 2 9 9 0 4 0 . 0 0 5 1 6 5
0 . 4 5 2 5 0 . 1 1 6 2 3 7 0 . 0 1 1 6 2 2
0 . 4 9 0 . 1 0 3 0 8 6 0 . 0 2 0 6 6 1
0 . 5 2 7 5 0 . 0 9 0 4 7 3 0 . 0 3 2 2 8 3
0 . 5 6 5 0 . 0 7 8 4 2 1 0 . 0 4 6 4 8 8
0 . 6 0 2 5 0 . 0 6 6 9 5 7 0 . 0 6 3 2 7 5
0 . 6 4 0 . 0 5 6 1 1 3 0 . 0 8 2 6 4 5
0 . 6 7 7 5 0 . 0 4 5 9 2 8 0 . 1 0 4 5 9 7
0 . 7 1 5 0 . 0 3 6 4 4 7 0 . 1 2 9 1 3 2
0 . 7 5 2 5 0 . 0 2 7 7 2 6 0 . 1 5 6 2 5
0 . 7 9 0 . 0 1 9 8 3 9 0 . 1 8 5 9 5
0 . 8 2 7 5 0 . 0 1 2 8 8 6 0 . 2 1 8 2 3 3
0 . 8 6 5 0 . 0 0 7 0 1 4 0 . 2 5 3 0 9 9
0 . 9 0 2 5 0 . 0 0 2 4 8 0 . 2 9 0 5 4 8
0 . 9 4 0. 0 . 3 3 0 5 7 9
1 0. 0 . 4
*★ ============== i n i t i a l  CONDITIONS
♦ i n i t i a l
♦♦ A u t o m a t i c  s t a t i c  v e r t i c a l  e q u i l i b r i u m -  v e r t i c a l - o n  - r e f p r e s = 7 5  p s i  r e f e r e n c e  p r e s s u r e
♦♦ p s t e p = 3  v e r t i c a l  e q u i l i b r i u m  i s  done  w i t h  3 t i m e s t e p s  w i t h  z e r o  s o u r c e s  and s i n k s ,
♦ v e r t i c a l  ♦on ♦ p s t e p  75 ♦ r e f p r e s  6440 ♦ r e f d e p t h  8205 ♦ r e f b l o c k  1 1 1
♦SW ♦con 0 . 4 5  ♦♦ So by d i f f e r e n c e ,  s i n c e  Sg = 0
♦♦ ♦SO ♦con 0 . 5 5  ♦♦ i n i t i a l  g a s  s a t u r a t i o n  i s  0 . 0 0
♦temp ♦con 21 0.
♦♦ 1 2 3  4 5 6 7 8 9  10
♦♦ ' H20' ' C21+' ' C 1 0 - 2 0 '  ' C 6 - 9 ' ' C 2 - 5 '  ' CH4' 'C02'  'N2'  ' 0 2 '  'CO'
♦♦ ♦ m o l e f r a c  ♦ g a s  ♦con 4 ^ 0 . 0  0 . 0 0 0 1  0 . 9 9 9 9  0 . 0  0 . 0  0 . 0
♦♦ I n i t i a l  p e t r o l e u m  p h a s e  f r a c t i o n  a r e :C21+=0. 3 5 8 7 5 5 4 8  C l l - 2 0 = 0 . 3 7 3 6 0 90 6
♦♦ C 6 - 1 0 - 0 . 19 29 32 9 2  C l - 5  = 0 . 0 7 4 7 0 2 5 5
♦♦ 1 2 3  4 5 6 7 8 9  10
♦♦ ' H20' ' C21+' ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  'CH4' ' C02'  'N2'  ' 0 2 '  'CO'
♦ m o l e f r a c  ♦ o i l  ♦co n 0 . 0  0 . 1 3 9 9  0 . 1 6 0 5  0 . 0 6 0 4 7  0 . 2 3 9 1  0 . 2 2 9  0 . 0  0 . 0
♦♦ ============== NUMERICAL CONTROL ======================
♦ n u m e r i c a l  ♦♦ A l l  t h e s e  can b e  d e f a u l t e d .  The d e f i n i t i o n s  
♦♦ h e r e  ma tch t h e  p r e v i o u s  d a t a .
♦DTMAX 1 . 5
♦ ma x st ep s  700 ♦ n o r t h  10 ♦ ne wt onc yc  29 ♦ i t e r m a x  120
♦ u n r e l a x  - 1  ♦ p i v o t  ♦on ♦ p vt os cma x 15
♦norm p r e s s  280 s a t u r  0 . 3 9  temp 250  
♦ c o n v e r g e
♦ p r e s s  4 . 3 5  
♦ s a t u r  0 . 0 4 9  
♦temp 1 . 7 9
♦y 0 . 0 9
♦x 0 . 0 9
♦w 0 . 0 9
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*z n cg  0 . 0 4  
*zaq 0 . 5  
* w e l l r e s  1 
* m a t b a l t o l  1
*run
** ============== RECURRENT DATA ======================
** P r o j e c t  s t a r t s  on z e r o  t i m e  and d t w e l .  t h e  s t a r t i n g  t i m e  s t e p  s i z e  i s  0 . 1  d ay s  
t i m e  0 d t w e l l  . 0 0 0 1
★ * 3
WELL 1 'UPDIP INJECTOR'
*★
GEOMETRY *K 0 . 3 7 5
INJECTOR mobwei ght  1 
OPERATE MAX g a s  6 5 0 0 0 0 0 0 .  
OPERATE MAX bhp 6 90 0 .
** 1
RAD








** g e o me tr y  - 1 0  0 0 
PERF GEO 1 
** i  j
20 3 : 8  4
** Maximum Gas I n j e c t i o n  Ra t e  15 - 4 . 5MMSCFD
** Maximum I n j e c t i o n  B HPr essu re  6900 - 6700 p s i
3 4 5 6 7 8 9  10 11
' C 1 0 - 2 0 '  ' C 6 - 9 ' ' C 2 - 5'  ' CH4' ' C02'  'N2'  ' 0 2 '  'CO' 'COKE'
0 0 . 7 9  0 . 2 1  0 . 0
** A i r  i n j e c t i o n  21% 02 & 79% N2
** I n j e c t i o n  Gas Te mp er at u re  300 oF
** Use  t u b e - e n d  o p t i o n
k f f  
1





OPERATE MAX l i q u i d  2300
0 . 3 7 5
OPERATE MIN bhp 
MONITOR MAX wor 9 
PERF *GEO 2
5100
s h u t i n
2 : 4
RAD
0 . 2 4 9
** o  o o o  o
GEOFAC WFRAC SKIN
1 . 0  0 . 0
** Maximum L i q u i d  Ra t e  2000 - 1600 B/D 
** Minimum BHP 5500 - 5900 p s i  
** Maximum WOR=9:1 o r  w a t e r - c u t  90%
f f i r  j r  kr w i  = 0 . 0 0 7 0 8 2  *k * h /  l n ( 0 . 5  * r e  /  rw)
TIME 0 . 0 0 1
TIME 1 . 0 0
TIME 3 1 . 0 0
TIME 9 0 . 0 0
TIME 1 8 2 . 6 2 5
TIME 3 6 5 . 2 5
TIME 5 4 7 . 8 7 5
TIME 7 3 0 . 5 0
TIME 9 1 3 . 1 2 5
TIME 1 0 9 5 . 7 5
TIME 1461 .
TIME 1 8 2 6 . 2 5
TIME 2 1 9 1 . 5
TIME 2 5 5 6 . 7 5
TIME 2922 .
TIME 3 2 8 7 . 2 5
TIME 3650 s t o p
"Numerical Simulation of In-Situ Combustion Processes in High Pressure Light and Medium Petroleum Reservoirs."
Appendix-V Simulation Data Files of Oil Field Scale Studies, John Tingas 9/3/2000
412
♦♦ LIGHT OIL FIELD SCALE IN-SITU COMBUSTION
♦♦ VERTICAL PRODUCER DOWNDIP VP- VERTICAL PRODUCER UPDIP VI .
** =======================I S C_VPVI. DAT==================
                                ________ ___________________ _____ ________ -
♦♦ T h i s  i s  STARS d a t a  s e t  f o r  F i e l d  S c a l e  Li ght /Medi um O i l  I n - S i t u  Combust i on
** DOWDIP VERTICAL PRODUCER - UPDIP VERTICAL INJECTOR PREDICTION CASE- MR = 1 . 2 7 3 5  ME.
** AUSTRALIAN CRUDE TYPE
♦♦ LIGHT/MEDIUM OIL - CLAIR TYPE CRUDE 
♦♦ F e a t u r e s :
** 1) N i n e - p o i n t  d i s c r e t i z a t i o n  i n  t h e  a r e a l  p l a n e .
♦♦ 2) D i s t i n c t  p e r m e a b i l i t y  l a y e r i n g .
♦♦ 3) F i v e  h y d ro c ar b on  c o m p o ne n t s ,  11 p s e u d o - c o m p o n e n t s  i n  t o t a l
♦♦ 4)  A u t o m a t i c  i n i t i a l  v e r t i c a l  e q u i l i b r i u m  c a l c u l a t i o n .
♦♦ 5) M u l t i - l a y e r  w e l l  w i t h  a d d i t i o n a l  i n j e c t i o n  and p r o d u c t i o n
** o p e r a t i n g  c o n s t r a i n t s .
♦♦ 6)  Four c o m b u s t i o n  r e a c t i o n s :
♦♦ ( a)  c r a c k i n g  o f  l i g h t  o i l  t o  c o k e .
♦♦ (b)  g a s  b u r n i n g .
♦♦ ( c )  l i g h t  o i l  b u r n i n g .
♦♦ (d)  c o k e  b u r n i n g .
♦♦ Bu r ni n g  p r o d u c e s  w a t e r  and C0+C02 m i x t u r e .
♦♦ 7) Ch emi c a l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  MR = 1 . 2 7 3 5  ME
♦♦ 8) High i n i t i a l  p r e s s u r e  6440  p s i a .
♦♦ 9) S i m u l a t i o n  s t o p s  when p r o d u c i n g  e nd r e a c h e s  600 F.
♦♦ 10)  Sharp c h a n g e s  i n  o i l  v i s c o s i t y  o c c u r  a t  t h e  s t e a m f r o n t
* * -----------------------------------------------------------------------------------------------------------------------------------------------------------------------
*★ ============== INPUT/OUTPUT control ======================
f i l e n a m e  o u t p u t  i n d e x - o u t  m a i n - r e s u l t s - o u t  ♦♦ Use  d e f a u l t  f i l e  names
* t i t l e l  'LIGHT OIL IN-SITU COMBUSTION.'
♦ T i t l e 2  'DOWNDIP VERTICAL PRODUCER - '
* t i t l e 3  'UPDIP VERTICAL INJECTOR- PREDICTION CASE. '
♦ i n u n i t  ♦ f i e l d  ♦♦ o u t p u t  same a s  i n p u t
♦ o u t p r n  ^ g r i d  ♦ p r e s  * s w  ♦ s o  #s g  ♦temp * y  Ax  ♦w ♦ s o l c o n c  
♦ o b h l o s s  ♦ v i s o  
♦ o u t pr n  ♦ w e l l  ♦ a l l
♦ w r s t  20 ♦wprn ^ g r i d  300 ♦wprn ♦ i t e r  300  
♦REWIND 1
♦RESTART 3580  
♦♦ ♦RESTART 3600  
♦♦ INDEXIN ' ISC_VPVI. IRF'
o u t s r f  g r i d  p r e s  s o  s g  temp
o u t s r f  s p e c i a l  m a t b a l  w e l l  2 ♦♦ C u m u l a t i v e  l i t e  o i l  p r o d u ce d
m a t b a l  w e l l  3 ♦♦ C u m u l a t i v e  medm o i l  pr o du c ed
m a t b a l  w e l l  4 ♦♦ C u m u l a t i v e  he vy  o i l  p r o d u ce d
o b h l o s s  ♦♦ C u m u l a t i v e  h e a t  l o s s
b l k v a r  s g  0 1 ♦♦ Te mpe rat ur e  i n  b l o c k  ( 1 . 1 . 1 )
b l k v a r  s o  0 23 ♦♦ O i l  s a t u r a t i o n
b l k v a r  p r e s  0 23 ♦♦ P r e s s u r e
♦PARTCLMLWT 1 3 . 6  ♦♦ COKE (CH1.6)  MOLECULAR WEIGHT IS 1 3 . 6
♦♦ ============== GRID AND RESERVOIR DEFINITION =================
♦ g r i d  ♦ c a r t  22 9 5
♦ d i  ♦ i v a r  3 8 4 . 8  3 ^ 1 9 2 . 4 1  1 7 ^ 9 6 . 2 1  1 4 4 . 3 2  
♦dj ♦co n 9 6 . 2 1
♦dk ♦ kvar  3 5 . 7  3 5 . 2  3 4 . 8  3 4 . 5  3 4 . 6  
♦ dt op  ^ i v a r
8620 8600 8580 8560 8540  8520  8500 8480 8460 8440 8420 8400  
8380 8360 8340 8320 8300 8280 8260 8240 8220 8200  
♦♦ 8390  8380 8370 8360 8350 8340 8330 8320 8310 8300 8290  8280
♦♦ 8270  8265 8260 8255 8250 8240 8230 8220 8210 8200
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** H o r i z o n t a l  p r o d u c e r  ( w e l l  #1)  t r e a t e d  i n  a d i s c r e t i z e d  f a s h i o n  - w e l l  i s  d r i l l e d  from a s u r f a c e
** w e l l b o r e  0 . 1 5
** r a n g e  1 6 : 2 0  1 1
** r e f i n e  1 6 : 2 0  1 2 i n t o  4 4 2
** h y b r i d  i d i r
** DEUTERON ORIZONTION FREAR
** w e l l b o r e  0 . 1 5
** c i r c w e l l  0 . 4  20 1 2 0
** r a n g e  1 6 : 2 0  1 2
*po r  *c on  0 . 1 9 2 6 4
*permi  * kv a r  3 * 1 1 0 0 . 0  2 * 1 3 0 0 . 0  *permj * e q u a l s i  *permk * e q u a l s i  /  10
** * permi  * k v a r  3 * 1 0 8 2 - 8 7 2  2 - 6 7 2 * 9 9 7 - 6 9 7 . 6 - 5 9 7  *permj * e q u a l s i  *permk * e q u a l s i  /  10
* c p or  6 . 1 2 3 e - 5  * p r po r  1000 * r o c k c p  3 5 . 6  
* t h c o n r  36 * t hc o nw 36 * t h c o n o  36 * t h c o n g  36 
* h l o s s p r o p  o v e r b u r  3 5 . 6  36 underbur  3 5 . 6  36
** ============== FLUID DEFINITIONS ======================
** NORTH SEA LIGHT OIL (CLRPVT96.XLS)
*model  11 10 8 ** Number o f  n o n c o n d e n s i b l e  g a s e s  i s  numy-numx = 2
** Number o f  s o l i d  c ompo ne nt s  i s  ncomp-numy = 1 
** N2 & C02 s o l u b l e  i n  t h e  l i q u i d  p e t r o l e u m  p h a s e  
** 02 & CO o n l y  i n  t h e  g a s  p h a s e  i n s o l u b l e  i n  t h e  l i q u i d  p e t r o l e u m  p h a s e
♦compname 'H20'  'C21+'  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4' 'C02'  'N2'  ' 0 2 '  'CO' 'COKE'
★ ★
*cmm 18 5 3 9 . 3 7  2 0 9 . 7 2  1 0 2 . 0 6  4 6 . 9 3  1 6 . 0 4 3  4 4 . 0 1  2 8 . 0 1 3  32 2 8 . 0 1
* p c r i t  3155 2 5 2 . 4 4  2 7 3 . 6 8  3 9 1 . 3 1  6 0 9 . 9 3  6 6 7 . 2  1 0 7 1 . 0  4 9 2 . 3 1  730 5 0 7 . 5
* t c r i t  7 0 5 . 7  8 3 2 . 1 7  8 0 9 . 3 5  5 2 2 . 9 2  2 1 3 . 8 2  - 1 1 6 . 5 9  8 7 . 5 6  - 2 3 2 . 5 1  - 1 8 1 . 7 2  - 2 2 0 . 7 8
*avg 0
*bvg 0
0 . 7 0 2  
* a v i s c  ( 
* b v i s c  ( 
** *AVISC 
** *BVISC
3 . 9 2 6 e - 6  3 . 8 7 6 e - 6  3 . 1 5 6 e - 6  2 . 1 6 6 e - 6  2 . 1 2 7 e - 4  2 . 1 9 6 0 e - 4  2 . 1 9 6 0 e - 4  2 . 1 9 6 0 e - 4  2 . 1 9 6 0 e - 4
1 . 1 0 2
4 . 0 2 e - 4
6 1 2 1 . 6
0 . 0
0 . 0
1 . 0 5 6 1 . 0 0 5 0 . 9 4 3 0 . 7 2 1
4 . 0 2 e - 4  4 . 0 2 e - 4  4 . 0 2 e - 4  4 . 0 2 e - 4  4 . 0 2 e - 4  
6 1 2 1 . 6  6 1 2 1 . 6  6 1 2 1 . 6  6 1 2 1 . 6  6 1 2 1 . 6
9 . 036E-02  1 . 4 1 1 E - 0 1  1 . 8 7 7 E - 0 1  2 . 0 0 3 E - 0 1  1.
0 . 7 2 1
4 . 0 2 e - 4  
6 1 2 1 . 6  
625 E- 01
0 . 7 2 1 0 . 7 0 2
2 . 7 4 5 E - 01 1 . 801E- 01
1 7 9 4 . 1 9  1 1 2 0 . 8 3  6 9 6 . 0 3  3 5 9 . 1 4  1 5 4 . 6 2 3 2 8 . 7 4  1 0 7 . 3 9
*molden 0 0 . 0 4 8 1  0 . 1 3 0 9  0 . 2 0 0 0  0 . 2 0 2 4  0 . 4 0 2 4  0 . 6 6 2 3  0 . 6 9 4 4  ** LBM0LE/FT3
*cp 0 3 . 9 e - 6  4 e - 6  4 . 5 e - 6  5 e - 6  6 . 5 e - 6  7 e - 6  7 . 5 e - 6
**cmpnm 'H20'  'C21+'  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4' ' C02'  'N2'  ' 0 2 '  'CO' 'COKE'
**                   ___
* c t l  0 1 . 4 e - 4  1 . 4 9 6 e - 4  1 . 9 5 8 e - 4  2 . 5 2 7 e - 4  2 . 6 4 9 e - 4  2 . 8 3 9 e - 4  2 . 8 3 9 e - 4
** ______________________________________________________________________________________________________
** CHEMICAL REACTION 1 - Cr a ck i ng :  C21+ -> CH4 + Coke
♦compname 'H20'  'C21+'  ' C 1 0- 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' ' C02'  'N2'  ' 0 2 '  'CO' 'COKE'
*★               ___
* s t o r e a c  0 1 0  0 0 0  0 0
* s t o p r o d  0 0 0 0 0 7 . 4 2 2 5 8  0 0
* f r e q f a c  1 . 0 e 5  * e a c t  38000 * r e n t h  0
** * f r e q f a c  2 . I e 5  * e a c t  25000 * r e n t h  0
** ----------------------------------------------------------------------------------------------------------------------
** CHEMICAL REACTION 2 - C r ac k i ng :  C21+ -> C2-C5 + Coke
*compname ' H20'  'C21+'  ' C1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' ' C02'  'N2'
*★               ___
* s t o r e a c  0 1 0  0 0 0  0 0
* s t o p r o d  0 0 0 0 5 . 2 1 2 5 4  0 0 0
* f r e q f a c  0 . 7 e 5  * e a c t  39000 * r e n t h  0
** * f r e q f a c  2 . I e 5  * e a c t  25000 * r e n t h  0
** ----------------------------------------------------------------------------------------------------------------------
** CHEMICAL REACTION 3 - C r ac k in g:  C10-C20 - > CH4 + Coke
*compname 'H20'  'C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' ' C02'  'N2'
**               ___
* s t o r e a c  0 0 1  0 0 0  0 0 0 0 0
* s t o p r o d  0 0 0 0 0 3 . 3 5 4 0 6  0 0 0 0 1 1 . 4 7 4 4
* f r e q f a c  0 . 5 e 5  * e a c t  45000  * r e n t h  0
** * f r e q f a c  2 . 0e 5  * e a c t  27000 * r e n t h  0
* * --------------------------------------------------------------------------------------------------------------------------------
0 0 0
0 0 3 0 . 9 2 7 4
' 0 2 '  'CO' 'COKE'
0 0 0 
0 0 2 1 . 6 7 3 6
' 0 2 '  'CO' 'COKE'
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** CHEMICAL REACTION 4 -  Heavy O i l  Bur ni ng:  C21+ + 02 - > H20 + CO +
♦compname 
★ ★
'H20' ' C21+' ' C 1 0 - 2 0 '  ' C 6 - 9 ' ' C2 - 5 ' ’ CH4 1
0 0 0
0 0 0
♦ r e n t h  1 0 2 9 3 . 9
♦ s t o r e a c  0 1 0
♦ s t o p r o d  3 9 . 5 8 7 1  0 0
* f r e q f a c  3 . 0 2 0 e l 0  * e a c t  13500  
♦♦ ♦RTEMLOWR 7 9 0 . 0  
♦♦ *RTEMUPR 7 9 0 . 1  
* * ---------------------------------------------------------
♦♦ CHEMICAL REACTION 5 -  Medium O i l  Bur ni ng:
’ C 0 2 ' ' N2'
e n e r g y  
0 2 '  'CO'
3 8 . 9 6 8 5  0
’C21+' ' C10-20'*compname 'H20'
** ______
* s t o r e a c  0 0 1
♦ s t o p r o d  1 5 . 8 8 7 6  0 0
* f r e q f a c  3 . 0 2 0 e l 0  * e a c t  15500  
** *RTEMLOWR 7 9 0 . 0  
** ♦RTEMUPR 7 9 0 . 1
i t  i t   --------
C6- 9'  ' C2 -5
C10-C20 + 02  
’ ' CH4' ' C 0 2 '
0 0
0 0
♦ r e n t h  4 9 2 0 . 3
H20 
’ N2'
+ CO + 
'02'
3 8 . 5 1
e n e r g y
'CO'
' COKE'
1 5 . 3 5 8 1  0
0 1 4 . 8 2 8 5
’COKE'
♦♦ CHEMICAL REACTION 6-  L i g h t  O i l  Bur ni ng:  C6-C9 + 02 - >  H20 + CO + e n e r g y
♦compname 'H20'  'C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' 'C02'  'N2'  ' 0 2 '  'CO'
1
0
♦ r e n t h
0 0
0 0
2 4 2 0 . 2
♦ s t o r e a c  0 0 0
♦ s t o p r o d  8 . 1 1 5 4 1  0 0
♦ f r e q f a c  3 . 0 2 0 e l 0  * e a c t  15500  
♦♦ ♦RTEMLOWR 7 9 0 . 0  
♦♦ ♦RTEMUPR 7 9 0 . 1  
* * ---------------------------------------------------------------------------------------
♦♦ CHEMICAL REACTION 7 -  Hydrocarbon Gas Bur ni ng :





C2-C5 + 02  - > H20 + CO + e n e r g y
’C2 1+' ' C 1 0 - 2 0 ' ' C 6 - 9 ' ' C2- 5 1
1 0
0 0
1 4 6 3 . 4
♦compname 'H20'
**
♦ s t o r e a c  0 0 0 0
♦ s t o p r o d  4 . 2 6 8 2 1  0 0 0
♦ f r e q f a c  3 . 0 2 0 e l 0  ♦ e a c t  1 5000  ♦ r e n t h  
♦♦ ♦RTEMLOWR 7 9 0 . 0  
♦♦ ♦RTEMUPR 7 9 0 . 1  
** ---------------------------------------------------------------------
♦♦ CHEMICAL REACTION 8-  Coke Bu rn in g :  
♦compname 'H20'  'C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C2- 5'  
* *
♦ s t o r e a c  0 
♦ s t o p r o d  0 . 8  
♦ f r e q f a c  3 . 0e5  
♦♦ ♦RTEMLOWR 7 9 0 . 0  
♦♦ ♦RTEMUPR 7 9 0 . 1
' CH4 ‘ ' C02' ' N2' ’02'










♦ e a c t  5500
0
0
♦ r e n t h
0
0
4 6 1 . 3




e n e r g y




♦♦ CHEMICAL REACTION 9 
♦compname 'H20'  'C21+'
*★   ____
♦ s t o r e a c  0 0
♦ s t o p r o d  2 0
♦ f r e q f a c  3 . 0 2 0 e l 0  
♦♦ ♦RTEMLOWR 7 9 0 . 0  
♦♦ ♦RTEMUPR 7 9 0 . 1
- Gas b u r n i n g :
' C 1 0 - 2 0 ' ' C6- 9'
CH4 + 202 ->  
' C 2 - 5 '  ' CH4'
2H20 + 
' C0 2 '
0
0






♦ r e n t h  5 0 2 . 5 3 3
C02 + 
' N2'
e n e r g y




♦♦ R e a c t i o n  E n t h a l p y  BTU/ lbmol e
♦♦ CHEMICAL REACTION 10 - Carbon Monoxide  b u r n i n g :  
♦compname 'H20'  'C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2- 5 '
CO + 0 . 5  02 - > C02 + 
' CH4' ' C0 2' ' N2'
e n e r g y
'02' CO' 'COKE'
♦compname 'H20'  'C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' 'C02'
* *
♦ s t o r e a c  0 0 0
♦ s t o p r o d  0 0 0
♦ f r e q f a c  1 . 5 e 5  ♦ e a c t  3250  
♦♦ ♦RTEMLOWR 7 9 0 . 0  
♦♦ ♦RTEMUPR 7 9 0 . 1  
**
’ N2' ' 0 2 ' 'CO' 'COKE'
0 0 0
0 0 0
♦ r e n t h  2 .8 38 E5
0 . 5
0
♦ s o l d e n  4 . 4
♦♦ Pse udoc omponent  K v a l u e  t a b l e s  f o r  p r e s s u r e s  500 p s i  & 6500  p s i  100 F t o  1300 F b e  100 de g  
i n t e r v a l s
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+* * k v t a b l i m  500 6500 100 1300  
♦ k v t a b l i m  5 0 0 .  3250 100. 1300 .
** l o w / h i g h  p r e s s u r e ;  l o w / h i g h  t e m p e r a t u r e
* k v t a b l e  2 ** K v a l u e  t a b l e  f o r  C21+
2 . 6 7 5 E - 0 4  1 . 7 8 3 E - 0 4  1 . 3 3 7 E - 0 4  1 . 0 7 0 E - 0 4  8 . 9 1 5 E - 0 5
5 . 3 4 9 E - 0 5  4 . 8 6 3 E - 0 5  4 . 4 5 8 E - 0 5  4 . 1 1 5 E - 0 5
2 . 0 1 0 E - 0 3  1 . 3 4 0 E - 0 3  1 . 0 0 5 E - 0 3  8 . 0 4 1 E - 0 4  6 . 7 0 1 E - 0 4
4 . 0 2 0 E - 0 4  3 . 6 5 5 E - 0 4  3 . 3 5 0 E - 0 4  3 . 0 9 3 E - 0 4
8 . 886E- 03  5 . 9 2 4 E - 0 3  4 . 4 4 3 E - 0 3  3 . 5 5 4 E - 0 3  2 . 9 6 2 E - 0 3
1 . 7 7 7 E - 0 3  1 . 6 1 6 E - 0 3  1 . 4 8 1 E - 0 3  1 . 3 6 7 E - 0 3
2 . 7 8 0 E - 0 2  1 . 8 5 3 E - 0 2  1 . 3 9 0 E - 0 2  1 . 1 1 2 E - 0 2  9 . 2 6 7 E - 0 3
5 . 5 6 0 E - 0 3  5 . 0 5 5 E - 0 3  4 . 6 3 4 E - 0 3  4 . 2 7 7 E - 0 3
6 . 8 58E -0 2 4 . 5 7 2 E - 02 3 . 4 2 9 E - 0 2  2 . 7 4 3 E - 0 2  2 . 2 8 6 E - 0 2
1 . 3 7 2 E - 0 2  1 . 2 4 7 E - 0 2  1 . 1 4 3 E - 0 2  1 . 0 5 5 E - 0 2
1 . 4 2 7 E - 0 1  9 . 51 3 E- 0 2  7 . 1 3 5 E - 0 2  5 . 7 0 8 E - 0 2  4 . 7 5 6 E - 0 2
2 . 8 5 4 E - 0 2  2 . 5 9 4 E - 0 2  2 . 3 7 8 E - 0 2  2 . 1 9 5 E - 0 2
2 . 6 1 6 E - 0 1  1 . 7 4 4 E - 0 1  1 . 3 0 8 E - 0 1  1 . 0 4 7 E - 0 1  8 . 7 2 1 E - 0 2
5 . 2 3 3 E - 0 2  4 . 7 5 7 E - 0 2  4 . 3 6 1 E - 0 2  4 . 0 2 5 E - 0 2
4 . 3 5 7 E - 0 1  2 . 9 0 5 E - 0 1  2 . 1 7 9 E - 0 1  1 . 7 4 3 E - 0 1  1 . 4 5 2 E - 0 1
8 . 7 1 5 E - 0 2  7 . 9 2 2 E - 0 2  7 . 2 6 2 E - 0 2  6 . 7 0 4 E - 0 2
6 . 7 3 2 E - 0 1  4 . 4 8 8 E - 0 1  3 . 3 6 6 E - 0 1  2 . 6 9 3 E - 0 1  2 . 2 4 4 E - 0 1
1 . 3 4 6 E - 0 1  1 . 2 2 4 E - 0 1  1 . 1 2 2 E - 0 1  1 . 0 3 6 E - 0 1
9 . 8 0 0 E - 0 1  6 . 5 33 E- 0 1  4 . 9 0 0 E - 0 1  3 . 9 2 0 E - 0 1  3 . 2 6 7 E - 0 1
1 . 9 6 0 E - 0 1  1 . 7 8 2 E - 0 1  1 . 6 3 3 E - 0 1  1 . 5 0 8 E - 0 1
1 . 359E+00 9 . 0 6 3 E - 01 6 . 7 9 7 E - 0 1  5 . 4 3 8 E - 0 1  4 . 5 3 2 E - 0 1
2 . 7 1 9 E - 0 1  2 . 4 7 2 E - 0 1  2 . 2 6 6 E - 0 1  2 . 0 9 1 E - 0 1
1 . 8 1 2 9 8  1 . 2 0 8 6 6  9 . 0 6 5 E - 0 1  7 . 2 5 2 E - 0 1  6 . 0 4 3 E - 0 1
3 . 6 2 6 E - 0 1  3 . 2 9 6 E - 0 1  3 . 0 2 2 E - 0 1  2 . 7 8 9 E - 0 1
2 . 3 3 9 9 8  1 . 5 5 9 9 9  1 . 1 6 9 9 9  9 . 3 6 0 E - 0 1  7 . 8 0 0 E - 0 1
4 . 6 8 0 E - 0 1  4 . 2 5 5 E - 0 1  3 . 9 0 0 E - 0 1  3 . 6 0 0 E - 0 1
♦ k v t a b l e  3 ** K v a l u e  t a b l e  f o r  C11-C20
4 . 7 7 9 E - 0 4  3 . 1 8 6 E - 0 4  2 . 3 9 0 E - 0 4  1 . 9 1 2 E - 0 4  1 . 5 9 3 E - 0 4
9 . 5 5 9 E - 0 5  8 . 6 9 0 E - 0 5  7 . 9 6 6 E - 0 5  7 . 3 5 3 E - 0 5
3 . 2 2 6 E - 0 3  2 . 1 5 1 E - 0 3  1 . 6 1 3 E - 0 3  1 . 2 9 1 E - 0 3  1 . 0 7 5 E - 0 3
6 . 4 5 3 E - 0 4  5 . 8 6 6 E - 0 4  5 . 3 7 7 E - 0 4  4 . 9 6 4 E - 0 4
1 . 3 1 8 E - 0 2  8 . 7 8 5 E - 0 3  6 . 5 8 9 E - 0 3  5 . 2 7 1 E - 0 3  4 . 3 9 3 E - 0 3
2 . 6 3 6 E - 0 3  2 . 3 9 6 E - 0 3  2 . 1 9 6 E - 0 3  2 . 0 2 7 E - 0 3
3 . 8 8 0 E - 0 2  2 . 5 8 7 E - 0 2  1 . 9 4 0 E - 0 2  1 . 5 5 2 E - 0 2  1 . 2 9 3 E - 0 2
7 . 7 6 0 E - 0 3  7 . 0 5 4 E - 0 3  6 . 4 6 7 E - 0 3  5 . 9 6 9 E - 0 3
9 . 122E- 02  6 . 0 8 2 E - 02 4 . 5 6 1 E - 0 2  3 . 6 4 9 E - 0 2  3 . 0 4 1 E - 0 2
1 . 8 2 4 E - 0 2  1 . 6 5 9 E - 0 2  1 . 5 2 0 E - 0 2  1 . 4 0 3 E - 0 2
1 . 8 2 5 E - 0 1  1 . 2 1 7 E - 0 1  9 . 1 2 6 E - 0 2  7 . 3 0 1 E - 0 2  6 . 0 8 4 E - 0 2
3 . 6 5 1 E - 0 2  3 . 3 1 9 E - 0 2  3 . 0 4 2 E - 0 2  2 . 8 0 8 E - 0 2
3 . 2 4 1 E - 01 2 . 1 6 0 E - 0 1  1 . 6 2 0 E - 0 1  1 . 2 9 6 E - 0 1  1 . 0 8 0 E - 0 1
6 . 4 8 1 E - 0 2  5 . 8 9 2 E - 0 2  5 . 4 0 1 E - 0 2  4 . 9 8 6 E - 0 2
5 . 2 5 2 E - 0 1  3 . 5 0 2 E - 0 1  2 . 6 2 6 E - 0 1  2 . 1 0 1 E - 0 1  1 . 7 5 1 E - 0 1
1 . 0 5 0 E - 0 1  9 . 5 5 0 E - 0 2  8 . 7 5 4 E - 0 2  8 . 0 8 0 E - 0 2
0 . 7 9 2 9 1  5 . 2 8 6 E - 0 1  3 . 9 6 5 E - 0 1  3 . 1 7 2 E - 0 1  2 . 6 4 3 E - 0 1
1 . 5 8 6E - 01  1 . 4 4 2 E - 01 1 . 3 2 2 E - 0 1  1 . 2 2 0 E - 0 1
1 . 1 3 1 3 6  0 . 7 5 4 2 4  0 . 5 6 5 6 8  0 . 4 5 2 5 5  3 . 7 7 1 E - 0 1
2 . 2 6 3 E - 0 1  2 . 0 5 7 E - 0 1  1 . 8 8 6 E - 0 1  1 . 7 4 1 E - 0 1
1 . 5 4 2 3 7  1 . 0 2 8 2 4  0 . 7 7 1 1 8  0 . 6 1 6 9 5  0 . 5 1 4 1 2
0 . 3 0 8 4 7  0 . 2 8 0 4 3  0 . 2 5 7 0 6  2 . 3 7 3 E - 0 1
2 . 026E+00 1 . 3 5 0 4 1  1 . 0 1 2 8 1  0 . 8 1 0 2 5  0 . 6 7 5 2 1
0 . 4 0 5 1 2  0 . 3 6 8 2 9  0 . 3 3 7 6 0  0 . 3 1 1 6 3
2 . 579E+00 1 . 719E+00 1 . 2 9 0E +0 0  1 . 0 3 1 6 6  0 . 8 5 9 7 1
0 . 5 1 5 8 3  0 . 4 6 8 9 4  0 . 4 2 9 8 6  0 . 3 9 6 7 9
* k v t a b l e  4 ** K v a l u e  t a b l e  f o r  C6-10
1 . 0 9 6 0 E - 0 2  7 . 3 0 6 9 E - 0 3  5 . 4 8 0 2 E - 0 3  4 . 3 8 4 1 E - 0 3  3 . 6 5 3 4 E - 0 3
2 . 1 9 2 1 E - 0 3  1 . 9 9 2 8 E - 0 3  1 . 8 2 6 7 E - 0 3  1 . 6 8 6 2 E - 0 3
0 . 0 4 9 2 7 2  0 . 0 3 2 8 4 8  0 . 0 2 4 6 3 6  0 . 0 1 9 7 0 9  0 . 0 1 6 4 2 4
0 . 0 0 9 8 5 4  0 . 0 0 8 9 5 9  0 . 0 0 8 2 1 2  0 . 0 0 7 5 8 0
0 . 1 4 9 1 3 9  0 . 0 9 9 4 2 6  0 . 0 7 4 5 7 0  0 . 0 5 9 6 5 6  0 . 0 4 9 7 1 3
0 . 0 2 9 8 2 8  0 . 0 2 7 1 1 6  0 . 0 2 4 8 5 7  0 . 0 2 2 9 4 5
0 . 3 4 8 9 2 0  0 . 2 3 2 6 1 3  0 . 1 7 4 4 6 0  0 . 1 3 9 5 6 8  0 . 1 1 6 3 0 7
0 . 0 6 9 7 8 4  0 . 0 6 3 4 4 0  0 . 0 5 8 1 5 3  0 . 0 5 3 6 8 0
0 . 6 8 3 8 4 4  0 . 4 5 5 8 9 6  0 . 3 4 1 9 2 2  0 . 2 7 3 5 3 8  0 . 2 2 7 9 4 8
0 . 1 3 6 7 6 9  0 . 1 2 4 3 3 5  0 . 1 1 3 9 7 4  0 . 1 0 5 2 0 7
7 . 6 4 2 E - 0 5  
5 . 7 4 3 E - 0 4  
2 . 5 3 9 E - 0 3  
7 . 9 4 3 E - 0 3  
1 . 9 6 0 E - 0 2  
4 . 0 7 7 E - 0 2  
7 . 47 5E- 02  
1 . 2 4 5 E - 0 1  
1 . 9 2 3 E - 0 1  
2 . 8 0 0 E - 0 1  
3 . 884 E-01  
5 . 1 8 0 E - 0 1  
6 . 6 8 6 E - 0 1
1 . 3 6 6 E - 0 4
9 . 219E-04
3 . 765E-03
1 . 1 0 9 E - 0 2
2 . 6 0 6 E - 0 2
5 . 2 1 5 E - 0 2
9 . 2 5 9 E - 0 2
1 . 501E- 01
2 . 265E- 01
3 . 2 3 2 E - 0 1
0 . 4 4 0 6 8
0 . 5 7 8 7 5
0 . 7 3 6 9 0
6 . 686E- 05  
5 . 0 2 6 E - 0 4  
2 . 2 2 2 E - 0 3  
6 . 9 5 0 E - 0 3  
1 . 7 1 5 E - 0 2  
3 . 5 6 7 E - 0 2  
6 . 5 4 1 E - 0 2  
1 . 0 8 9 E - 0 1  
1 . 6 8 3 E - 0 1  
2 . 4 5 0 E - 0 1  
3 . 3 99E- 01  
4 . 53 2E- 01  
5 . 8 5 0 E - 0 1
1 . 1 9 5 E - 0 4
8 . 0 6 6 E - 0 4
3 . 2 9 4 E - 0 3
9 . 7 0 0 E - 0 3
2 . 2 8 1 E - 0 2
4 . 5 6 3 E - 0 2
8 . 10 1E- 02
1 . 3 1 3 E - 0 1
1 . 9 82E- 01
2 . 8 2 8 E - 0 1
0 . 3 8 5 5 9
0 . 5 0 6 4 0
0 . 6 4 4 7 9
5 . 9 4 3 E - 0 5  
4 . 4 6 7 E - 0 4  
1 . 9 7 5 E - 0 3  
6 . 1 7 8 E - 0 3  
1 . 5 2 4 E - 0 2  
3 . 1 71E -0 2  
5 . 8 1 4 E - 0 2  
9 . 6 8 3 E - 0 2  
1 . 4 9 6 E - 0 1  
2 . 1 7 8 E - 0 1  
3 . 0 2 1 E - 0 1  
4 . 029 E- 01  
5 . 20 0E- 01
1 . 0 6 2 E - 0 4  
7 . 1 7 0 E - 0 4  
2 . 928E-03  
8 . 622E- 03  
2 . 0 2 7 E - 0 2  
4 . 056E- 02  
7 . 2 0 1 E - 0 2  
1 . 1 6 7 E - 0 1  
1 . 76 2E- 01  
2 . 51 4E- 01  
0 . 3 4 2 7 5  
0 . 4 5 0 1 4  
0 . 5 7 3 1 4
3 . 1 3 1 5 E - 0 3  2 . 7 40 1E- 03  2 . 4 3 5 6 E - 0 3
0 . 0 1 4 0 7 8  0 . 0 1 2 3 1 8  0 . 0 1 0 9 4 9
0 . 0 4 2 6 1 1  0 . 0 3 7 2 8 5  0 . 0 3 3 1 4 2
0 . 0 9 9 6 9 1  0 . 0 8 7 2 3 0  0 . 0 7 7 5 3 8
0 . 1 9 5 3 8 4  0 . 1 7 0 9 6 1  0 . 1 5 1 9 6 5
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1 . 1 8 0 4 5 8  0 . 7 8 6 9 7 2  0 . 5 9 0 2 2 9  0 . 4 7 2 1 8 3  0 . 3 9 3 4 8 6  
0 . 2 3 6 0 9 2  0 . 2 1 4 6 2 9  0 . 1 9 6 7 4 3  0 . 1 8 1 6 0 9
0 . 3 3 7 2 7 4 0 . 2 9 5 1 1 4 0 . 2 6 2 3 2 4
1 . 8 5 4 7  1 . 2 3 6 4  0 . 9 2 7 3  0 . 7 4 1 9  0 . 6 1 8 2  
0 . 3 7 0 9  0 . 3 3 7 2  0 . 3 0 9 1  0 . 2 8 5 3
0 . 5 2 9 9 0 . 4 6 3 7 0 . 4 1 2 1
2 . 7 1 2 3  1 . 8 0 8 2  1 . 3 5 6 1  1 . 0 8 4 9  0 . 9 0 4 1  
0 . 5 4 2 5  0 . 4 9 3 1  0 . 4 5 2 0  0 . 4 1 7 3
0 . 7 7 4 9 0 . 6 7 8 1 0 . 6 0 2 7
3 . 7 5 0 9  2 . 5 0 0 6  1 . 8 7 5 4  1 . 5 0 0 3  1 . 2 5 0 3  
0 . 7 5 0 2  0 . 6 8 2 0  0 . 6 2 5 1  0 . 5 7 7 1
1 . 0 7 1 7 0 . 9 3 7 7 0 . 8 3 3 5
4 . 9 6 1 8  3 . 3 0 7 9  2 . 4 8 0 9  1 . 9 8 4 7  1 . 6 5 3 9  
0 . 9 9 2 4  0 . 9 0 2 1  0 . 8 2 7 0  0 . 7 6 3 4
1 . 4 1 7 7 1 . 2 4 0 4 1 . 1 0 2 6
6 . 3 3 2 4  4 . 2 2 1 6  3 . 1 6 6 2  2 . 5 3 3 0  2 . 1 1 0 8  
1 . 2 6 6 5  1 . 1 5 1 3  1 . 0 5 5 4  0 . 9 7 4 2
1 . 8 0 9 3 1 . 5 8 3 1 1 . 4 0 7 2
7 . 8 4 7 6  5 . 2 3 1 7  3 . 9 2 3 8  3 . 1 3 9 0  2 . 6 1 5 9  
1 . 5 6 9 5  1 . 4 2 6 8  1 . 3 0 7 9  1 . 2 0 7 3
2 . 2 4 2 2 1 . 9 6 1 9 1 . 7 4 3 9
9 . 4 9 1 1  6 . 3 2 7 4  4 . 7 4 5 5  3 . 7 9 6 4  3 . 1 6 3 7  
1 . 8 9 8 2  1 . 7 2 5 7  1 . 5 8 1 8  1 . 4 6 0 2  
* k v t a b l e  5 ** K v a l u e  t a b l e  f o r  C2-5
2 . 7 1 1 7 2 . 3 7 2 8 2 . 1 0 9 1
4 . 0 6 6 0 E - 0 1  2 . 7 1 0 7 E - 0 1  2 . 0 3 3 0 E - 0 1  1 . 6 2 6 4 E - 0 1  1 . 3 5 5 3 E - 0 1  1 . 1 6 1 7 E - 0 1  1 . 0 1 6 5 E - 0 1  9 . 0 3 5 5 E - 0 2
8 . 1 3 2 0 E - 0 2  7 . 3 9 2 7 E - 0 2  6 . 7 7 6 6 E - 0 2  6 . 2 5 5 4 E - 0 2
I . 0893E+00 7 . 2 6 2 1 E - 0 1  5 . 4 4 6 6 E - 0 1  4 . 3 5 7 3 E - 0 1  3 . 6 3 1 0 E - 0 1  3 . 1 1 2 3 E - 0 1  2 . 7 2 3 3 E - 0 1  2 . 4 2 0 7 E - 0 1
2 . 1 7 8 6 E - 0 1  1 . 9 8 0 6 E - 0 1  1 . 8 1 5 5 E - 0 1  1 . 6 7 5 9 E - 0 1
2 . 2 5 1 7  1 . 5 0 1 1  1 . 1 2 5 9  0 . 9 0 0 7  0 . 7 5 0 6
0 . 4 5 0 3  0 . 4 0 9 4  0 . 3 7 5 3  0 . 3 4 6 4
3 . 9 3 1 3  2 . 6 2 0 8  1 . 9 6 5 6  1 . 5 7 2 5  1 . 3 1 0 4
0 . 7 8 6 3  0 . 7 1 4 8  0 . 6 5 5 2  0 . 6 0 4 8
6 . 1 1 1 2  4 . 0 7 4 2  3 . 0 5 5 6  2 . 4 4 4 5  2 . 0 3 7 1
1 . 2 2 2 2  1 . 1 1 1 1  1 . 0 1 8 5  0 . 9 4 0 2
8 . 7 4 1 3  5 . 8 2 7 6  4 . 3 7 0 7  3 . 4 9 6 5  2 . 9 1 3 8
1 . 7 4 8 3  1 . 5 8 9 3  1 . 4 5 6 9  1 . 3 4 4 8
I I . 7 5 5 0  7 . 8 3 6 7  5 . 8 7 7 5  4 . 7 0 2 0  3 . 9 1 8 3
2 . 3 5 1 0  2 . 1 3 7 3  1 . 9 5 9 2  1 . 8 0 8 5
1 5 . 0 8 1 7  1 0 . 0 5 4 5  7 . 5 4 0 9  6 . 0 3 2 7  5 . 0 2 7 2
3 . 0 1 6 3  2 . 7 4 2 1  2 . 5 1 3 6  2 . 3 2 0 3
1 8 . 6 5 3 6  1 2 . 4 3 5 7  9 . 3 2 6 8  7 . 4 6 1 4  6 . 2 1 7 9
3 . 7 3 0 7  3 . 3 9 1 6  3 . 1 0 8 9  2 . 8 6 9 8
2 2 . 4 0 9 2  1 4 . 9 3 9 5  1 1 . 2 0 4 6  8 . 9 6 3 7  7 . 4 6 9 7
4 . 4 8 1 8  4 . 0 7 4 4  3 . 7 3 4 9  3 . 4 4 7 6
2 6 . 2 9 5 4  1 7 . 5 3 0 2  1 3 . 1 4 7 7  1 0 . 5 1 8 1  8 . 7 6 5 1
5 . 2 5 9 1  4 . 7 8 1 0  4 . 3 8 2 6  4 . 0 4 5 4
3 0 . 2 6 6 6  2 0 . 1 7 7 7  1 5 . 1 3 3 3  1 2 . 1 0 6 6  1 0 . 0 8 8 9
6 . 0 5 3 3  5 . 5 0 3 0  5 . 0 4 4 4  4 . 6 5 6 4
3 4 . 2 8 5 2  2 2 . 8 5 6 8  1 7 . 1 4 2 6  1 3 . 7 1 4 1  1 1 . 4 2 8 4
6 . 8 5 7 0  6 . 2 3 3 7  5 . 7 1 4 2  5 . 2 7 4 6
* k v t a b l e  6 ** K v a l u e  t a b l e  f o r  CH4
1 0 . 8 8 6 5  7 . 2 5 7 7  5 . 4 4 3 2  4 . 3 5 4 6  3 . 6 2 8 8
2 . 1 7 7 3  1 . 9 7 9 4  1 . 8 1 4 4  1 . 6 7 4 8
1 8 . 0 1 4 4  1 2 . 0 0 9 6  9 . 0 0 7 2  7 . 2 0 5 8  6 . 0 0 4 8
3 . 6 0 2 9  3 . 2 7 5 4  3 . 0 0 2 4  2 . 7 7 1 5
2 6 . 1 0 9 2  1 7 . 4 0 6 1  1 3 . 0 5 4 6  1 0 . 4 4 3 7  8 . 7 0 3 1
5 . 2 2 1 8  4 . 7 4 7 1  4 . 3 5 1 5  4 . 0 1 6 8
3 4 . 7 1 2 3  2 3 . 1 4 1 5  1 7 . 3 5 6 1  1 3 . 8 8 4 9  1 1 . 5 7 0 8
6 . 9 4 2 5  6 . 3 1 1 3  5 . 7 8 5 4  5 . 3 4 0 4
4 3 . 4 9 1 5  2 8 . 9 9 4 3  2 1 . 7 4 5 8  1 7 . 3 9 6 6  1 4 . 4 9 7 2
8 . 6 9 8 3  7 . 9 0 7 5  7 . 2 4 8 6  6 . 6 9 1 0
5 2 . 2 2 1 6  3 4 . 8 1 4 4  2 6 . 1 1 0 8  2 0 . 8 8 8 6  1 7 . 4 0 7 2
1 0 . 4 4 4 3  9 . 4 9 4 8  8 . 7 0 3 6  8 . 0 3 4 1
6 0 . 7 5 7 3  4 0 . 5 0 4 9  3 0 . 3 7 8 6  2 4 . 3 0 2 9  2 0 . 2 5 2 4
1 2 . 1 5 1 5  1 1 . 0 4 6 8  1 0 . 1 2 6 2  9 . 3 4 7 3
6 9 . 0 0 9 7  4 6 . 0 0 6 5  3 4 . 5 0 4 9  2 7 . 6 0 3 9  2 3 . 0 0 3 2
1 3 . 8 0 1 9  1 2 . 5 4 7 2  1 1 . 5 0 1 6  1 0 . 6 1 6 9
7 6 . 9 2 8 6  5 1 . 2 8 5 8  3 8 . 4 6 4 3  3 0 . 7 7 1 5  2 5 . 6 4 2 9
1 5 . 3 8 5 7  1 3 . 9 8 7 0  1 2 . 8 2 1 4  1 1 . 8 3 5 2
8 4 . 4 8 9 6  5 6 . 3 2 6 4  4 2 . 2 4 4 8  3 3 . 7 9 5 8  2 8 . 1 6 3 2
1 6 . 8 9 7 9  1 5 . 3 6 1 7  1 4 . 0 8 1 6  1 2 . 9 9 8 4
9 1 . 6 8 5 0  6 1 . 1 2 3 4  4 5 . 8 4 2 5  3 6 . 6 7 4 0  3 0 . 5 6 1 7
1 8 . 3 3 7 0  1 6 . 6 7 0 0  1 5 . 2 8 0 8  1 4 . 1 0 5 4
9 8 . 5 1 8 3  6 5 . 6 7 8 9  4 9 . 2 5 9 2  3 9 . 4 0 7 3  3 2 . 8 3 9 4
1 9 . 7 0 3 7  1 7 . 9 1 2 4  1 6 . 4 1 9 7  1 5 . 1 5 6 7
1 0 4 . 9 9 9 7  6 9 . 9 9 9 8  5 2 . 4 9 9 9  4 1 . 9 9 9 9  3 4 . 9 9 9 9
2 0 . 9 9 9 9  1 9 . 0 9 0 9  1 7 . 5 0 0 0  1 6 . 1 5 3 8
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0 . 6 4 3 3
1 . 1 2 3 2
1 . 7 4 6 1
2 . 4 9 7 5
3 . 3 5 8 6
4 . 3 0 9 1
5 . 3 2 9 6
6 . 4 0 2 6
7 . 5 1 3 0
8 . 6 4 7 6
9 . 7 9 5 8
3 . 1 1 0 4
5 . 1 4 7 0
7 . 4 5 9 8
9 . 9 1 7 8
1 2 . 4 2 6 1
1 4 . 9 2 0 5
1 7 . 3 5 9 2
1 9 . 7 1 7 1
2 1 . 9 7 9 6
2 4 . 1 3 9 9
2 6 . 1 9 5 7
2 8 . 1 4 8 1
2 9 . 9 9 9 9
0 . 5 6 2 9  
0 . 9 8 2 8  
1 . 5 2 7 8  
2 . 1 8 5 3  
2 . 9 3 8 8  
3 . 7 7 0 4  
4 . 6 6 3 4  
5 . 6 0 2 3  
6 . 5 7 3 8  
7 . 5 6 6 6  
8 . 5 7 1 3
2 . 7 2 1 6
4 . 5 0 3 6
6 . 5 2 7 3
8 . 6 7 8 1
1 0 . 8 7 2 9
1 3 . 0 5 5 4
1 5 . 1 8 9 3
1 7 . 2 5 2 4
1 9 . 2 3 2 2
2 1 . 1 2 2 4
2 2 . 9 2 1 3
2 4 . 6 2 9 6
2 6 . 2 4 9 9
0 . 5 0 0 4
0 . 8 7 3 6
1 . 3 5 8 1
I . 9 4 2 5  
2 . 6 1 2 2  
3 . 3 5 1 5  
4 . 1 4 5 2  
4 . 9 7 9 8  
5 . 8 4 3 4  
6 . 7 2 5 9  
7 . 6 1 8 9
2 . 4 1 9 2
4 . 0 0 3 2
5 . 8 0 2 0
7 . 7 1 3 8
9 . 6 6 4 8
I I . 6 0 4 8  
1 3 . 5 0 1 6  
1 5 . 3 3 5 5  
1 7 . 0 9 5 3  
1 8 . 7 7 5 5  
2 0 . 3 7 4 5  
2 1 . 8 9 3 0  
2 3 . 3 3 3 3
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* k v t a b l e  7 ** K v a l u e  t a b l e  f o r  C02
2 . 4 9 1 4  1 . 6 6 0 9  1 . 2 4 5 7  0 . 9 9 6 6  0 . 8 3 0 5  
0 . 4 9 8 3  0 . 4 5 3 0  0 . 4 1 5 2  0 . 3 8 3 3
0 . 7 1 1 8 0 . 6 2 2 9 0 . 5 5 3 6
6 . 8 2 4 9  4 . 5 5 0 0  3 . 4 1 2 5  2 . 7 3 0 0  2 . 2 7 5 0  
1 . 3 6 5 0  1 . 2 4 0 9  1 . 1 3 7 5  1 . 0 5 0 0
1 . 9 5 0 0 1 . 7 0 6 2 1 . 5 1 6 7
1 4 . 3 4 1 1  9 . 5 6 0 7  7 . 1 7 0 5  5 . 7 3 6 4  4 . 7 8 0 4  
2 . 8 6 8 2  2 . 6 0 7 5  2 . 3 9 0 2  2 . 2 0 6 3
4 . 0 9 7 5 3 . 5 8 5 3 3 . 1 8 6 9
2 5 . 3 5 5 3  1 6 . 9 0 3 5  1 2 . 6 7 7 6  1 0 . 1 4 2 1  8 . 4 5 1 8  
5 . 0 7 1 1  4 . 6 1 0 1  4 . 2 2 5 9  3 . 9 0 0 8
7 . 2 4 4 4 6 . 3 3 8 8 5 . 6 3 4 5
3 9 . 8 1 0 3  2 6 . 5 4 0 2  1 9 . 9 0 5 2  1 5 . 9 2 4 1  1 3 . 2 7 0 1  
7 . 9 6 2 1  7 . 2 3 8 2  6 . 6 3 5 1  6 . 1 2 4 7
1 1 . 3 7 4 4 9 . 9 5 2 6 8 . 8 4 6 7
5 7 . 4 0 5 7  3 8 . 2 7 0 5  2 8 . 7 0 2 9  2 2 . 9 6 2 3  1 9 . 1 3 5 2  
1 1 . 4 8 1 1  1 0 . 4 3 7 4  9 . 5 6 7 6  8 . 8 3 1 7
1 6 . 4 0 1 6 1 4 . 3 5 1 4 1 2 . 7 5 6 8
7 7 . 7 1 5 6  5 1 . 8 1 0 4  3 8 . 8 5 7 8  3 1 . 0 8 6 2  2 5 . 9 0 5 2  
1 5 . 5 4 3 1  1 4 . 1 3 0 1  1 2 . 9 5 2 6  1 1 . 9 5 6 2
2 2 . 2 0 4 5 1 9 . 4 2 8 9 1 7 . 2 7 0 1
1 0 0 . 2 7 2 0  6 6 . 8 4 8 0  5 0 . 1 3 6 0  4 0 . 1 0 8 8  3 3 . 4 2 4 0  
2 0 . 0 5 4 4  1 8 . 2 3 1 3  1 6 . 7 1 2 0  1 5 . 4 2 6 5
2 8 . 6 4 9 1 2 5 . 0 6 8 0 2 2 . 2 8 2 7
1 2 4 . 6 1 6 6  8 3 . 0 7 7 7  6 2 . 3 0 8 3  4 9 . 8 4 6 6  4 1 . 5 3 8 9  
2 4 . 9 2 3 3  2 2 . 6 5 7 6  2 0 . 7 6 9 4  1 9 . 1 7 1 8
3 5 . 6 0 4 7 3 1 . 1 5 4 1 2 7 . 6 9 2 6
1 5 0 . 3 2 8 4  1 0 0 . 2 1 8 9  7 5 . 1 6 4 2  6 0 . 1 3 1 4  5 0 . 1 0 9 5  
3 0 . 0 6 5 7  2 7 . 3 3 2 4  2 5 . 0 5 4 7  2 3 . 1 2 7 4
4 2 . 9 5 1 0 3 7 . 5 8 2 1 3 3 . 4 0 6 3
1 7 7 . 0 3 6 2  1 1 8 . 0 2 4 1  8 8 . 5 1 8 1  7 0 . 8 1 4 5  5 9 . 0 1 2 1  
3 5 . 4 0 7 2  3 2 . 1 8 8 4  2 9 . 5 0 6 0  2 7 . 2 3 6 3
5 0 . 5 8 1 8 4 4 . 2 5 9 0 3 9 . 3 4 1 4
2 0 4 . 4 2 1 4  1 3 6 . 2 8 0 9  1 0 2 . 2 1 0 7  8 1 . 7 6 8 5  6 8 . 1 4 0 5  
4 0 . 8 8 4 3  3 7 . 1 6 7 5  3 4 . 0 7 0 2  3 1 . 4 4 9 4
5 8 . 4 0 6 1 5 1 . 1 0 5 3 4 5 . 4 2 7 0
2 3 2 . 2 1 6 1  1 5 4 . 8 1 0 7  1 1 6 . 1 0 8 0  9 2 . 8 8 6 4  7 7 . 4 0 5 4  
4 6 . 4 4 3 2  4 2 . 2 2 1 1  3 8 . 7 0 2 7  3 5 . 7 2 5 6  
* k v t a b l e  8 ** K v a l u e  t a b l e  f o r  N2
6 6 . 3 4 7 5 58 . 05 40 5 1 . 6 0 3 6
2 7 . 0 1 8 8  1 8 . 0 1 2 5  1 3 . 5 0 9 4  1 0 . 8 0 7 5  9 . 0 0 6 3  
5 . 4 0 3 8  4 . 9 1 2 5  4 . 5 0 3 1  4 . 1 5 6 7
7 . 7 1 9 7 6 . 7 5 4 7 6 . 0 0 4 2
3 8 . 0 4 8 3  2 5 . 3 6 5 5  1 9 . 0 2 4 1  1 5 . 2 1 9 3  1 2 . 6 8 2 8  
7 . 6 0 9 7  6 . 9 1 7 9  6 . 3 4 1 4  5 . 8 5 3 6
1 0 . 8 7 0 9 9 . 5 1 2 1 8 . 4 5 5 2
4 8 . 9 6 4 5  3 2 . 6 4 3 0  2 4 . 4 8 2 2  1 9 . 5 8 5 8  1 6 . 3 2 1 5  
9 . 7 9 2 9  8 . 9 0 2 6  8 . 1 6 0 7  7 . 5 3 3 0
1 3 . 9 8 9 8 1 2 . 2 4 1 1 1 0 . 8 8 1 0
5 9 . 4 2 2 5  3 9 . 6 1 5 0  2 9 . 7 1 1 3  2 3 . 7 6 9 0  1 9 . 8 0 7 5  
1 1 . 8 8 4 5  1 0 . 8 0 4 1  9 . 9 0 3 8  9 . 1 4 1 9
1 6 . 9 7 7 9 1 4 . 8 5 5 6 1 3 . 2 0 5 0
6 9 . 2 6 3 8  4 6 . 1 7 5 9  3 4 . 6 3 1 9  2 7 . 7 0 5 5  2 3 . 0 8 7 9  
1 3 . 8 5 2 8  1 2 . 5 9 3 4  1 1 . 5 4 4 0  1 0 . 6 5 6 0
1 9 . 7 8 9 7 1 7 . 3 1 6 0 1 5 . 3 9 2 0
7 8 . 4 3 4 0  5 2 . 2 8 9 3  3 9 . 2 1 7 0  3 1 . 3 7 3 6  2 6 . 1 4 4 7  
1 5 . 6 8 6 8  1 4 . 2 6 0 7  1 3 . 0 7 2 3  1 2 . 0 6 6 8
2 2 . 4 0 9 7 1 9 . 6 0 8 5 1 7 . 4 2 9 8
8 6 . 9 3 4 5  5 7 . 9 5 6 3  4 3 . 4 6 7 2  3 4 . 7 7 3 8  2 8 . 9 7 8 2  
1 7 . 3 8 6 9  1 5 . 8 0 6 3  1 4 . 4 8 9 1  1 3 . 3 7 4 5
2 4 . 8 3 8 4 2 1 . 7 3 3 6 1 9 . 3 1 8 8
9 4 . 7 9 5 2  6 3 . 1 9 6 8  4 7 . 3 9 7 6  3 7 . 9 1 8 1  3 1 . 5 9 8 4  
1 8 . 9 5 9 0  1 7 . 2 3 5 5  1 5 . 7 9 9 2  1 4 . 5 8 3 9
2 7 . 0 8 4 3 2 3 . 6 9 8 8 2 1 . 0 6 5 6
1 0 2 . 0 5 9 2  6 8 . 0 3 9 5  5 1 . 0 2 9 6  4 0 . 8 2 3 7  3 4 . 0 1 9 7  
2 0 . 4 1 1 8  1 8 . 5 5 6 2  1 7 . 0 0 9 9  1 5 . 7 0 1 4
2 9 . 1 5 9 8 2 5 . 5 1 4 8 2 2 . 6 7 9 8
1 0 8 . 7 7 4 1  7 2 . 5 1 6 1  5 4 . 3 8 7 1  4 3 . 5 0 9 7  3 6 . 2 5 8 0  
2 1 . 7 5 4 8  1 9 . 7 7 7 1  1 8 . 1 2 9 0  1 6 . 7 3 4 5
3 1 . 0 7 8 3 2 7 . 1 9 3 5 2 4 . 1 7 2 0
1 1 4 . 9 8 7 6  7 6 . 6 5 8 4  5 7 . 4 9 3 8  4 5 . 9 9 5 1  3 8 . 3 2 9 2  
2 2 . 9 9 7 5  2 0 . 9 0 6 8  1 9 . 1 6 4 6  1 7 . 6 9 0 4
3 2 . 8 5 3 6 2 8 . 7 4 6 9 2 5 . 5 5 2 8
1 2 0 . 7 4 5 2  8 0 . 4 9 6 8  6 0 . 3 7 2 6  4 8 . 2 9 8 1  4 0 . 2 4 8 4  
2 4 . 1 4 9 0  2 1 . 9 5 3 7  2 0 . 1 2 4 2  1 8 . 5 7 6 2
3 4 . 4 9 8 6 3 0 . 1 8 6 3 2 6 . 8 3 2 3
1 2 6 . 0 8 9 1  8 4 . 0 5 9 4  6 3 . 0 4 4 5  5 0 . 4 3 5 6  4 2 . 0 2 9 7  
2 5 . 2 1 7 8  2 2 . 9 2 5 3  2 1 . 0 1 4 8  1 9 . 3 9 8 3
3 6 . 0 2 5 4 3 1 . 5 2 2 3 2 8 . 0 1 9 8
* *  R e f e r e n c e  c o n d i t i o n s
* p r s r  1 4 . 7  * t emr 60 * p s u r f  1 4 . 7  * t s u r f  60
** PRSR 6 0 0 . 0  ** r e f e r e n c e  p r e s s u r e .  c o r r e s p o n d i n g  t o  t h e  d e n s i t y
** TEMR 1 7 5 . 0  ** r e f e r e n c e  t e m p e r a t u r e ,  c o r r e s p o n d i n g  t o  t h e  d e n s i t y
** PSDRF 1 4 . 7  ** p r e s s u r e  a t  s u r f a c e .  f o r  r e p o r t i n g  w e l l  r a t e s ,  e t c .
** TSURF 6 2 . 3  ** t e m p e r a t u r e  a t  s u r f a c e ,  f o r  r e p o r t i n g  w e l l  r a t e s ,  e t c .
** =======------- === ROCK-FLUID PROPERTIES —  -----  — --------- --
* r o c k f l u i d
* sw t  * *  W a t e r - o i l  r e l a t i v e  p e r m e a b i l i t i e s
** Si w = Sw ir  = 0 . 2 4  Sorw = 0 . 3  So r g  = 0 . 1  Sg c  = 0 . 0 6
** Kroiw = 0 . 4  Krwro = 0 . 1  Krgro = 0 . 2
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♦♦ Sw Krw Krow
* *     -------
♦♦SL 
**
0 . 2 4 0 0 . 4
0 . 2 8 1 8 1 8 0 . 0 0 0 2 4 9 0 . 3 3 0 5 7 9
0 . 3 2 3 6 3 6 0 . 0 0 1 4 1 0 . 2 6 7 7 6 9
0 . 3 6 5 4 5 5 0 . 0 0 3 8 8 4 0 . 2 1 1 5 7
0 . 4 0 7 2 7 3 0 . 0 0 7 9 7 4 0 . 1 6 1 9 8 3
0 . 4 4 9 0 9 1 0 . 0 1 3 9 3 0 . 1 1 9 0 0 8
0 . 4 9 0 9 0 9 0 . 0 2 1 9 7 3 0 . 0 8 2 6 4 5
0 . 5 3 2 7 2 7 0 . 0 3 2 3 0 5 0 . 0 5 2 8 9 3
0 . 5 7 4 5 4 5 0 . 0 4 5 1 0 7 0 . 0 2 9 7 5 2
0 . 6 1 6 3 6 4 0 . 0 6 0 5 5 1 0 . 0 1 3 2 2 3
0 . 6 5 8 1 8 2 0 . 0 7 8 7 9 9 0 . 0 0 3 3 0 6
0 . 7 0 . 1 0
♦♦ L i q u i d - g a s r e l a t i v e  p e r m e a b i l i t i e s
i Krg Krog
0 . 2 4 0 . 2 0
0 . 3 4 0 . 1 5 8 7 1 2 0
0 . 3 7 7 5 0 . 1 4 4 0 6 8 0 . 0 0 0 6 4 6
0 . 4 1 5 0 . 1 2 9 9 0 4 0 . 0 0 5 1 6 5
0 . 4 5 2 5 0 . 1 1 6 2 3 7 0 . 0 1 1 6 2 2
0 . 4 9 0 . 1 0 3 0 8 6 0 . 0 2 0 6 6 1
0 . 5 2 7 5 0 . 0 9 0 4 7 3 0 . 0 3 2 2 8 3
0 . 5 6 5 0 . 0 7 8 4 2 1 0 . 0 4 6 4 8 8
0 . 6 0 2 5 0 . 0 6 6 9 5 7 0 . 0 6 3 2 7 5
0 . 6 4 0 . 0 5 6 1 1 3 0 . 0 8 2 6 4 5
0 . 6 7 7 5 0 . 0 4 5 9 2 8 0 . 1 0 4 5 9 7
0 . 7 1 5 0 . 0 3 6 4 4 7 0 . 1 2 9 1 3 2
0 . 7 5 2 5 0 . 0 2 7 7 2 6 0 . 1 5 6 2 5
0 . 7 9 0 . 0 1 9 8 3 9 0 . 1 8 5 9 5
0.  8275 0 . 0 1 2 8 8 6 0 . 2 1 8 2 3 3
0 . 8 6 5 0 . 0 0 7 0 1 4 0 . 2 5 3 0 9 9
0 . 9 0 2 5 0 . 0 0 2 4 8 0 . 2 9 0 5 4 8
0.  94 0. 0 . 3 3 0 5 7 9
1 0. 0 . 4
*★ ============== i n i t i a l  c o n d i t i o n s  ======================
♦ i n i t i a l
♦♦ A u t o m a t i c  s t a t i c  v e r t i c a l  e q u i l i b r i u m -  v e r t i c a l - o n  - r e f p r e s = 7 5  p s i  r e f e r e n c e  p r e s s u r e  
♦♦ p s t e p = 3  v e r t i c a l  e q u i l i b r i u m  i s  don e  w i t h  3 t i m e s t e p s  w i t h  z e r o  s o u r c e s  and s i n k s ,  
♦ v e r t i c a l  ♦on ♦ p s t e p  75 ♦ r e f p r e s  6440  ♦ r e f d e p t h  8205 ♦ r e f b l o c k  1 1 1
♦SW ♦con 0 . 4 5  ♦♦ So by d i f f e r e n c e ,  s i n c e  Sg = 0
♦♦ ♦so ♦con 0 . 5 5  ♦♦ i n i t i a l  g a s  s a t u r a t i o n  i s  0 . 0 0
♦temp ♦con 21 0 .
♦♦ 1 2 3  4 5 6 7 8 9  10
♦♦ ' H20' ' C2 1+' ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' ' C02'  'N2'  ' 0 2 '  'CO'
♦♦ ♦ m o l e f r a c  ♦ g a s  ♦con 4 ^ 0 . 0  0 . 0 0 0 1  0 . 9 9 9 9  0 . 0  0 . 0  0 . 0
♦♦ I n i t i a l  p e t r o l e u m  p h a s e  f r a c t i o n  a r e :C2 1+=0 .3 58 7 5 5 4 8  C l l - 2 0 = 0 . 3 7 3 6 0 9 0 6
♦♦ C 6 - 1 0 = 0 . 1 9 2 93 2 92  C l - 5  = 0 . 0 7 4 7 0 2 5 5
♦♦ 1 2 3  4 5 6 7 8 9  10
♦♦ ' H20' ' C2 1 +' ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' 'C02'  'N2'  ' 0 2 '  'CO'
♦ m o l e f r a c  +011 ♦con 0 . 0  0 . 1 3 9 9  0 . 1 6 0 5  0 . 0 6 0 4 7  0 . 2 3 9 1  0 . 2 2 9  0 . 0  0 . 0
♦♦ ============== NUMERICAL CONTROL ======================
♦ n u m e r i c a l  ♦♦ A l l  t h e s e  can b e  d e f a u l t e d .  The d e f i n i t i o n s  
♦♦ h e r e  match t h e  p r e v i o u s  d a t a .
♦DTMAX 0 . 1
♦ ma x s t e p s  36 00 0  ♦ n o r t h  10 ♦ n e w t o nc y c  29 ♦ i t e r m a x  120  
♦ u n r e l a x  - 1  ♦ p i v o t  ♦on ♦ p v to sc m ax  15
♦norm p r e s s  280 s a t u r  0 . 3 9  temp 250  
♦ c o n v e r g e
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* s a t u r  0 . 0 4 9  
♦temp 1 . 7 9  
♦y 0 . 0 9  
♦x 0 . 0 9  
♦w 0 . 0 9  
♦ zo  0 . 0 4  
♦ z n cg  0 . 0 4  
♦zaq 0 . 5  
♦ w e l l r e s  1 
♦ m a t b a l t o l  1
♦run
♦♦ ============== RECURRENT DATA ======================
♦♦ P r o j e c t  s t a r t s  on z e r o  t i m e  and d t w e l .  t h e  s t a r t i n g  t i m e  s t e p  s i z e  i s  0 . 1  d a y s  
t i m e  0 d t w e l l  . 0 0 0 0 1
* *  3
WELL 1 'UPDIP INJECTOR'
♦♦ RAD GEOFAC WFRAC SKIN
GEOMETRY ♦K 0 . 3 7 5  0 . 2 4 9  1 . 0  0 . 0
INJECTOR mo bw ei ght  1
OPERATE MAX g a s  6 5 0 0 0 0 0 0 .  ♦♦ Maximum Gas I n j e c t i o n  Ra t e  15 - 4 . 5MMSCFD
OPERATE MAX bhp 6 9 0 0 .  ♦♦ Maximum I n j e c t i o n  BHPr essure  6900 - 6700 p s i
♦♦ 1 2  3 4 5 6 7 8 9  10 11
♦♦ ' H20' ' C21+' ' C 1 0 - 2 0 ' ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' 'C02'  'N2'  ' 0 2 '  'CO' 'COKE'
INCOMP GAS 6^0.  0 0 . 7 9  0 . 2 1  0 . 0
♦♦ A i r  i n j e c t i o n  21% 02  & 79% N2 
TINJOV 250 ♦♦ I n j e c t i o n  Gas Te mpe ra tu re  250 oF
♦♦ g e om e t r y  - 1 0  0 0 ♦♦ Use  t u b e - e n d  o p t i o n
PERF GEO 1
♦♦ i  j k f f  i r  j r  kr  wi  = 0 . 0 0 7 0 8 2  ♦k ♦ h /  l n ( 0 . 5  ♦ r e  /





OPERATE MAX l i q u i d  2300
0 . 3 7 5
OPERATE MIN bhp  
MONITOR MAX wor 9 
PERF ^GEO 2
5100
s h u t i n
2 : 4
RAD
0 . 2 4 9
♦♦ o o o  o  o
GEOFAC WFRAC SKIN
1 . 0  0 . 0
♦♦ Maximum L i q u i d  Ra t e  2000 - 1600 B/D 
♦♦ Minimum BHP 5500 - 5900 p s i  
♦♦ Maximum WOR=9:1 o r  w a t e r - c u t  90%
f f i r  j r  kr w i  = 0 . 0 0 7 0 8 2  ♦k ♦ h /  l n ( 0 . 5  ♦ r e
TIME 0 . 0 0 1
TIME 1 . 0 0
TIME 3 1 . 0 0
TIME 9 0 . 0 0
TIME 1 8 2 . 6 2 5
TIME 3 6 5 . 2 5
TIME 5 4 7 . 8 7 5
TIME 7 3 0 . 5 0
TIME 9 1 3 . 1 2 5
TIME 1 0 9 5 . 7 5
TIME 1 46 1.
TIME 1 8 2 6 . 2 5
TIME 2 1 9 1 . 5
TIME 2 5 5 6 . 7 5
TIME 29 2 2.
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APPENDIX-VI. SIMULATION DATA FILES OF CONDENSATE FIELD SCALE 
STUDIES.
★ -  —  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
♦♦ CONDENSATE FIELD SCALE IN-SITU COMBUSTION -  MISCIBLE DISPLACEMENT.
♦♦ HORIZONTAL PRODUCER DOWNDIP (HP) —  HORIZONTAL INJECTOR UPDIP ( H I ) .
* * — ====—  ------------------- ==MSC_COND_ISC_HPHI. DAT =============
                        -
♦♦ T h i s  i s  STARS d a t a  s e t  f o r  C o n d e n s a t e  F i e l d  S c a l e  I n - S i t u  Combust ion  
♦♦ GAS CONDENSATE RESERVOIR WITH OIL RIM ISC PREDICTION CASE - MR = 1 . 2 7 3 5  ME 
♦♦ DOWDIP HORIZONTAL PRODUCER & UPDIP HORIZONTAL INJECTOR- MISCIBLE DISPLACEMENT.
♦♦ BASED ON CLAIR/AUSTRALIAN CRUDE TYPE CHEMICAL REACTION KINETICS &
♦♦ NORTH SEA GAS CONDENSATE RESERVOIR PVT COMPOSITION 
♦♦ F e a t u r e s :
♦♦ 1)  N i n e - p o i n t  d i s c r e t i z a t i o n  i n  t h e  a r e a l  p l a n e .
♦♦ 2) D i s t i n c t  p e r m e a b i l i t y  l a y e r i n g .
♦♦ 3)  F i v e  h y d r o c a r b o n  c om pone nt s ,  11 p s e u d o - c o m p o n e n t s  i n  t o t a l
♦♦ 4)  A u t o m a t i c  i n i t i a l  v e r t i c a l  e q u i l i b r i u m  c a l c u l a t i o n .
♦♦ 5) M u l t i - l a y e r  w e l l  w i t h  a d d i t i o n a l  i n j e c t i o n  and p r o d u c t i o n
* *  o p e r a t i n g  c o n s t r a i n t s .
♦♦ 6) Four c h e m i c a l  r e a c t i o n s :
♦♦ (a)  c r a c k i n g  o f  l i g h t  o i l  t o  c o k e .
♦♦ (b)  g a s  b u r n i n g .
♦♦ ( c )  l i g h t  and h e a v y  o i l  b u r n i n g .
♦♦ (d)  c o k e  b u r n i n g .
♦♦ Bu rn in g  p r o d u c e s  w a t e r  and C0+C02 m i x t u r e .
♦♦ 7)  Ch emi c al  R e a c t i o n  U p s c a l i n g  b a s e d  on:  MR = 1 . 2 7 3 5  ME
♦♦ 8) High i n i t i a l  p r e s s u r e  6000 p s i a .
♦♦ 9) S i m u l a t i o n  s t o p s  when p r o d u c i n g  end r e a c h e s  600 F.
♦♦ ============== INPUT/OUTPUT CONTROL ======================
f i l e n a m e  o u t p u t  i n d e x - o u t  m a i n - r e s u l t s - o u t  ♦♦ Use  d e f a u l t  f i l e  names
♦ t i t l e l  'GAS CONDENSATE RESERVOIR WITH OIL RIM ISC PREDICTION CASE.'
♦ T i t l e 2  'MISCIBLE DISPLACEMENT - PREDICTION CASE'
* t i t l e 3  'UPDIP HORIZONTAL PRODUCER - DOWNDIP HORIZONTAL INJECTOR. '
♦ i n u n i t  ♦ f i e l d  ♦♦ o u t p u t  same a s  i n p u t  
♦ o u tp rn  ♦ g r i d  * a l l
♦♦ *o ut p rn  ♦ g r i d  * p r e s  ♦sw ♦ s o  * s g  *temp ♦y *x *w * s o l c o n c  
♦ o b h l o s s  ♦ v i s o  
♦ o ut pr n ♦ w e l l  ♦ a l l
♦ w r s t  20 ♦wprn ♦ g r i d  300 +wprn ♦ i t e r  300  
♦REWIND 1
♦DIM ♦MDPTGL 14
♦♦ ♦RESTART 9140  
♦♦ INDEX-IN ' ISC_HPHI. IRF'
o u t s r f  g r i d  a l l
♦♦ o u t s r f  g r i d  p r e s  s o  s g  temp
o u t s r f  s p e c i a l  m a t b a l  w e l l  2 ♦♦ C u m u l a t i v e  l i t e  o i l  p r o d u ce d
m a t b a l  w e l l  3 ♦♦ C u m u l a t i v e  medm o i l  pr o du ce d
m a t b a l  w e l l  4 ♦♦ C u m u l a t i v e  he v y  o i l  pr o du ce d
o b h l o s s  ♦♦ C u m u l a t i v e  h e a t  l o s s
b l k v a r  s g  0 1 ♦♦ Te mpe ra tu re  i n  b l o c k  ( 1 . 1 . 1 )
b l k v a r  s o  0 23 ♦♦ O i l  s a t u r a t i o n
b l k v a r  p r e s  0 23 ♦♦ P r e s s u r e
♦PARTCLMLWT 1 3 . 6  ♦♦ COKE ( CH I. 6) MOLECULAR WEIGHT IS 1 3 . 6
♦♦ ============== GRID AND RESERVOIR DEFINITION =================
♦ g r i d  ^ v a r i  22 9 5
♦ d i  ♦ i v a r  3 8 4 . 8  3 ^ 1 9 2 . 4 1  1 7 ^ 9 6 . 2 1  1 4 4 . 3 2
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*dj  *con 9 6 . 2 1
*dk * kvar  3 5 . 7  3 5 . 2  3 4 . 8  3 4 . 5  3 4 . 6  
** * dt o p  * i v a r
** *DIP 8 1 . 8  0 . 0
♦ d e p t h  * i v a r
8620 8600 8580 8560 8540 8520 8500 8480 8460 8440 8420 8400  
8380 8360 8340 8320 8300 8280 8260 8240 8220 8200  
** 8390  8380 8370 8360 8350 8340 8330 8320 8310 8300 8290  8280
** 8270  8265 8260 8255 8250 8240 8230 8220 8210 8200
*por  *con 0 . 1 9 2 6 4
♦permi  *kvar  3 * 1 1 0 0 . 0  2 * 1 3 0 0 . 0
*permj * e q u a l s i
♦permk * e q u a l s i  /  10
** *permi  *kv a r  3 * 1 0 8 2 - 8 7 2  2 - 6 7 2 * 9 9 7 - 6 9 7 . 6 - 5 9 7  *permj * e q u a l s i  *permk * e q u a l s i  /  10
*END-GRID
* c p o r  6 . 1 2 3 e - 5  
* pr po r  1000  
* r o c k c p  3 5 . 6
* t h c o n r  36 * t hc onw 36 * t h c o n o  36 * t h c o n g  36 
♦ h l o s s p r o p  o v e r b u r  3 5 . 6  36 unde rbur  3 5 . 6  36
** ============== f l u i d  d e f i n i t i o n s  ======================
** NORTH SEA CONDENSATE (BR_5CPVT.XLS)
♦model  11 10 8 ** Number o f  n o n c o n d e n s i b l e  g a s e s  i s  numy-numx = 2
** Number o f  s o l i d  c ompo ne nt s  i s  ncomp-numy = 1
** N2 & C02 s o l u b l e  i n  t h e  l i q u i d  p e t r o l e u m  p h a s e
** 02 & CO o n l y  i n  t h e  g a s  p h a s e  i n s o l u b l e  i n  t h e  l i q u i d  p e t r o l e u m  p h a s e
♦compname 'H20'  'C21+'  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4' ' C02'  'N2'  ' 0 2 '  'CO' 'COKE'
**                     ___
*cmm 18 3 6 1 . 5 2  1 8 3 . 0 0  1 0 5 . 5 9  4 0 . 5 2  1 6 . 0 4 3  4 4 . 0 1  2 8 . 0 1 3  32 2 8 . 0 1
♦ p c r i t  3155  3 5 7 . 8 6  2 9 9 . 8 0  3 8 3 . 0 8  6 4 5 . 6 2  6 6 7 . 2  1 0 7 1 . 0  4 9 2 . 3 1  730 5 0 7 . 5





♦ a v i s c





* c t l
* *
3 . 9 2 6 e - 6 3 . 8 7 6 e - 6  3 . 1 5 6 e - 6  2 . 1 6 6 e - 6  2 . 1 2 7 e - 4  2 . 1 9 6 0 e - 4  2 . 1 9 6 0 e - 4  2 . 1 9 6 0 e - 4  2 . 1 9 6 0 e - 4
1 . 1 0 2  1 . 0 5 6
’H20' 'C21+'
1 . 0 0 5  0 . 9 4 3  0 . 7 2 1  0 . 7 2 1






0 . 1 3 2 6 8 3  
1 4 7 8 . 3 2  
0 . 0 4 8 1  
3 . 9 e - 6
0 . 1 3 2 8 2 3  0 . 1 5 2 2 9 6  
1 2 9 5 . 3 2  8 5 2 . 6 6
0 . 1 3 0 9
4 e - 6
0 . 2 0 0 0
4 . 5 e - 6
C21+'  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C2- 5
0 . 1 9 0 2 4 8
4 7 8 . 5 1
0 . 2 0 2 4
5 e - 6
' CH4'
0 . 7 2 1  
’ CH4'
0 . 1 3 7 8 4 9  
2 0 5 . 4 5  
0 . 4 0 2 4  
6 . 5 e - 6  
' C 0 2 '
0 . 7 0 2
'C02'
0 . 7 0 2  
' N2' ' 0 2 ' 'CO' 'COKE'
0 . 0 4 4 1 2 6  
1 0 4 0 . 5 4  
0 . 6 6 2 3  
7 e - 6  
' N2'
0 . 1 4 1 2 6 9  
1 6 2 . 5 4  
0 . 6 9 4 4  
7 . 5 e - 6  
' 0 2 '  'CO'
LBMOLE/FT3
'COKE'
1 . 4 e - 4  1 .  4 9 6 e - 4  1 . 9 5 8 e - 4  2 . 5 2 7 e - 4  2 . 6 4 9 e - 4  2 . 8 3 9 e - 4  2 . 8 3 9 e - 4
- C r a ck i n g :  C21+ - > CH4 + Coke
' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4' 'C02'
** CHEMICAL REACTION 
♦compname 'H20'  'C21+
**         ____
♦ s t o r e a c  0 1 0 0 0
♦ s t o p r o d  0 0 0 0 0
** Ch emi ca l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  
♦ f r e q f a c  1 . 2 7 3 5 e 5  * e a c t  38000 * r e n t h  0
** * f r e q f a c  1 . 0 e 5  * e a c t  38000 * r e n t h  0
f r e q f a c  2 . 1 e 5  * e a c t  25000 * r e n t h  0
’ N2 ‘ 0 2 '  'CO' 'COKE'
0 0
4 . 9 7 5  0
MR = 1 . 2 7 3 5  ME
0 0 
0 2 0 . 7 2 9 1
★ ★
i t  i t ----------- ------ ------------------------------------------------- ----------------------------- ------ ----------------
** CHEMICAL REACTION 2 - C r a ck i n g :  C21+
♦compname 'H20'  'C21+'  ' C l l - 2 0 '  ' C6 - 1 0 '
**         ___
♦ s t o r e a c  0 
♦ s t o p r o d  0
- > C2-C5 + Coke
C 2 - 5 '  ' CH4' ' C0 2 ' ’ N2 ' ' 0 2 ' 'CO' 'COKE'
1 0 0 0 0 0 
0 0 0 4 . 0 4 5 8  0 0
** Chemi ca l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  0 . 8 9 1 e 5  * e a c t  39000  * r e n t h  0 
** * f r e q f a c  0 . 7 e 5  * e a c t  39000 * r e n t h  0 
** * f r e q f a c  2 . 1 e 5  * e a c t  25000 * r e n t h  0
0 1 4 . 5 2 6 7
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* *  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
♦♦ CHEMICAL REACTION 3 - C r a c k i n g :  C10-C20 -> CH4 + Coke
*compname 'H20'  'C21+'  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4' ' C02'  'N2'  ' 0 2 '  'CO' 'COKE'
* *                      ____
♦ s t o r e a c  0 0  1 0 0 0 0 0 0 0 0
♦ s t o p r o d  0 0 0 0 0 2 . 9 2 6 8  0 0 0 0 1 0 . 0 1 2 7
♦♦ Ch em ic a l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  0 . 5 e 5  ♦ e a c t  4 500 0 ♦ r e n t h  0
♦♦ ♦ f r e q f a c  0 . 6 3 7 e 5  ♦ e a c t  450 00  ♦ r e n t h  0
♦♦ ♦ f r e q f a c  2 . 0 e 5  ♦ e a c t  27000  ♦ r e n t h  0
*  *  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
♦♦ CHEMICAL REACTION 4 -  Heavy O i l  B ur ni ng :  C21+ + 02 - >  H20 + CO + e n e r g y
♦compname 'H20'  'C21+'  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4' ' C02'  'N2'  ' 0 2 '  'CO' 'COKE'
* *                      ____
♦ s t o r e a c  0 1 0 0  0 0  0 0  2 6 . 1 1 8 7  0 0
♦ s t o p r o d  2 6 . 5 3 3 2  0 0 0  0 0  0 0 0  2 5 . 7 0 4 1  0
♦♦ Ch em ic a l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  3 . 8 4 6 e l 0  ♦ e a c t  1 2400  ♦ r e n t h  1 0 2 9 3 . 9  
♦♦ ♦ f r e q f a c  3 . 8 4 6 e l 0  ♦ e a c t  1 350 0 ♦ r e n t h  1 0 2 9 3 . 9  
♦♦ ♦ f r e q f a c  3 . 0 2 0 e l 0  ♦ e a c t  13 500  ♦ r e n t h  1 0 2 9 3 . 9  
♦♦ ♦RTEMLOWR 7 9 0 . 0  
♦♦ ♦RTEMUPR 7 9 0 . 1
♦♦ CHEMICAL REACTION 5-  Medium O i l  Bur ni ng:  C10-C20 + 02  - >  H20 + CO + e n e r g y
♦compname 'H20'  'C21+'  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4' ' C02'  'N2'  ' 0 2 '  'CO' 'COKE'
**                     ____
♦ s t o r e a c  0 0 1 0  0 0  0 0  1 3 . 4 0 1 6  0 0
♦ s t o p r o d  1 3 . 8 6 3 7  0 0 0  0 0 0 0 0  1 2 . 9 3 9 5  0
♦♦ Ch em ic a l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  3 . 8 4 6 e l 0  ♦ e a c t  14100  ♦ r e n t h  4 9 2 0 . 3  
♦♦ ♦ f r e q f a c  3 . 8 4 6 e l 0  ♦ e a c t  15500  ♦ r e n t h  4 9 2 0 . 3
♦♦ ♦ f r e q f a c  3 . 0 2 0 e l 0  ♦ e a c t  15500  ♦ r e n t h  4 9 2 0 . 3
♦♦ ♦RTEMLOWR 7 9 0 . 0  
♦♦ ♦RTEMUPR 7 9 0 . 1
★  ★            _ _ _ _ _      -         
♦♦ CHEMICAL REACTION 6 -  L i g h t  O i l  Bur ni ng:  C6-C9 + 02 -> H20 + CO + e n e r g y
♦compname 'H20'  'C21+'  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  'CH4' ' C02'  'N2'  ' 0 2 '  'CO' 'COKE'
★ *                     ____
♦ s t o r e a c  0 0 0 1  0 0  0 0  7 . 8 9 8 2  0 0
♦ s t o p r o d  8 . 3 9 6 5  0 0  0 0 0 0 0 0 7 . 4 0  0
♦♦ Ch emi ca l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  3 . 8 4 6 e l 0  ♦ e a c t  1 4200  ♦ r e n t h  2 4 2 0 . 2  
♦♦ ♦ f r e q f a c  3 . 8 4 6 e l 0  ♦ e a c t  1 5500  ♦ r e n t h  2 4 2 0 . 2
♦♦ ♦ f r e q f a c  3 . 0 2 0 e l 0  ♦ e a c t  1 5500  ♦ r e n t h  2 4 2 0 . 2
♦♦ ♦RTEMLOWR 7 9 0 . 0  
♦♦ ♦RTEMUPR 7 9 0 . 1
* * --------------------------------------------------------------------------------------------------------------------------------
♦♦ CHEMICAL REACTION 7-  Hydrocarbon Gas Bur ni ng:  C2-C5 + 02 - >  H20 + CO + e n e r g y
♦compname 'H20'  'C21+'  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4' ' C02'  'N2'  ' 0 2 '  'CO' 'COKE'
**                     ____
♦ s t o r e a c  0 0 0 0  1 0  0 0  3 . 2 2 4 2  0 0
♦ s t o p r o d  3 . 6 8 5 7 6  0 0  0 0 0 0 0 0  2 . 7 6 2 7  0
♦♦ Ch emi ca l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  3 . 8 4 6 e l 0  ♦ e a c t  1 5000  ♦ r e n t h  1 4 6 3 . 4
♦♦ ♦ f r e q f a c  3 . 0 2 0 e l 0  ♦ e a c t  1 5000  ♦ r e n t h  1 4 6 3 . 4
♦♦ ♦RTEMLOWR 7 9 0 . 0
♦♦ ♦RTEMUPR 7 9 0 . 1
* *  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
♦♦ CHEMICAL REACTION 8-  Coke Bur ni ng :  Coke + 02 -> H20 + C02 + e n e r g y
♦compname 'H20'  'C21+'  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  'CH4' ' C02'  'N2'  ' 0 2 '  'CO' 'COKE'
**                 ____
♦ s t o r e a c  0 0  0 0 0 0 0 0 1 . 4 0  1
♦ s t o p r o d  0 . 8 0  0 0 0 0 1 0 0 0  0
♦ f r e q f a c  3 . 0e5 ♦ e a c t  5500 ♦ r e n t h  4 6 1 . 3  
♦♦ ♦RTEMLOWR 7 9 0 . 0  
♦♦ ♦RTEMUPR 7 9 0 . 1
* *  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
♦♦ CHEMICAL REACTION 9 - Gas b u r n i n g :  CH4 + 202 -> 2H20 + C02 + e n e r g y
♦compname 'H20'  'C21+'  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4' ' C02'  'N2'  ' 0 2 '  'CO' 'COKE'
**       ____
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♦ s t o r e a c  0 0 0 0  0 1 0 0
♦ s t o p r o d  2 0 0 0  0 0 0 0
♦♦ C h em i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  3 . 8 4 6 e l 0  ♦ e a c t  15000  ♦ r e n t h  1 4 6 3 . 4  
♦♦ ♦ f r e q f a c  3 . 0 2 0 e l 0  ♦ e a c t  59 45 0 ♦ r e n t h  5 0 2 . 5 3 3  
♦♦ ♦RTEMLOWR 7 9 0 . 0  
♦♦ ♦RTEMUPR 7 9 0 . 1  
*  *  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
♦♦ CHEMICAL REACTION 10 - Carbon Monoxi de  b u r n i n g :  CO + 0 . 5  02  -> C02 + e n e r g y
♦compname 'H20'  'C21+'  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4' 'C02'  'N2'  ' 0 2 '  'CO' 'COKE'
**                     ____
♦ s t o r e a c  0 0 0 0 0 0 0 0 0 . 5 1  0
♦ s t o p r o d  0 0  0 0 0 0 1 0  0 0 0
♦♦ C h em i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  1 . 9 1 e 5  ♦ e a c t  3250 ♦ r e n t h  2 . 8 38 E5
♦♦ ♦ f r e q f a c  1 . 5 e 5  ♦ e a c t  3250  ♦ r e n t h  2 . 8 3 8E 5
♦♦ ♦RTEMLOWR 7 9 0 . 0
♦♦ ♦RTEMUPR 7 9 0 . 1
** _____________________________________________________________________
♦ s o l d e n  4 . 4
♦♦ Pse udo co mpo nen t  K v a l u e  t a b l e s  f o r  p r e s s u r e s  500 p s i  & 6500  p s i  100 F t o  1300  F b e  100 d e g  
i n t e r v a l s
♦♦ ♦ k v t a b l i m  500 6500 100 1300
♦ k v t a b l i m  5 0 0 .  3250 1 0 0 .  1 30 0 .
♦♦ l o w / h i g h  p r e s s u r e ;  l o w / h i g h  t e m p e r a t u r e
♦ k v t a b l e  2 ♦♦ K v a l u e  t a b l e  f o r  C21+
1 . 491 E- 0 5  9 . 941 E- 06  7 . 4 5 6 E - 0 6  5 . 9 6 5 E - 0 6  4 . 9 7 1 E - 0 6 4 . 2 60E- 06 3 . 728E- 06 3 . 314E- 06
2 . 9 8 2 E - 0 6  2 . 7 1 1 E - 0 6  2 . 4 8 5 E - 0 6  2 . 2 9 4 E - 0 6  
1 . 9 3 1 E - 0 4  1 . 2 8 7 E - 0 4  9 . 6 5 5 E - 0 5  7 . 7 2 4 E - 0 5  6 . 4 3 6 E - 0 5 5 . 517 E- 05 4 . 827E- 05 4 . 291E- 05
3 . 8 6 2 E - 0 5  3 . 5 1 1 E - 0 5  3 . 2 1 8 E - 0 5  2 . 9 7 1 E - 0 5  
1 . 2 7 4 E - 0 3  8 . 4 9 6 E - 0 4  6 . 3 7 2 E - 0 4  5 . 0 9 8 E - 0 4  4 . 2 4 8 E - 0 4 3 . 6 4 1 E - 04 3 . 1 86 E - 0 4 2 . 8 3 2 E - 0 4
2 . 5 4 9 E - 0 4  2 . 317E-04 2 . 1 2 4 E - 0 4  1 . 9 6 1 E - 0 4  
5 . 42 3E- 03  3 . 615 E- 03  2 . 7 1 2 E - 0 3  2 . 1 6 9 E - 0 3  1 . 8 0 8 E - 0 3 1 . 5 4 9 E - 0 3 1 . 3 5 6 E - 0 3 1 . 2 0 5 E - 0 3
1 . 0 8 5 E - 0 3  9 . 860E-04 9 . 0 3 9 E - 0 4  8 . 3 4 3 E - 0 4  
1 . 7 0 7 E - 0 2  1 . 1 38 E- 0 2  8 . 5 3 4 E - 0 3  6 . 8 2 7 E - 0 3  5 . 6 8 9 E - 0 3 4 . 8 7 7 E - 0 3 4 . 267E- 03 3 . 793 E- 03
3 . 4 1 4 E - 0 3  3 . 1 0 3 E - 0 3  2 . 8 4 5 E - 0 3  2 . 6 2 6 E - 0 3  
4 . 3 27 E- 0 2  2 . 8 8 4 E - 0 2  2 . 1 6 3 E - 0 2  1 . 7 3 1 E - 0 2  1 . 4 4 2 E - 0 2 1 . 2 3 6 E - 0 2 1 . 0 8 2 E - 0 2 9 . 6 1 5 E - 0 3
8 . 6 53 E- 03  7 . 867E-03 7 . 2 1 1 E - 0 3  6 . 6 5 6 E - 0 3  
9 . 3 4 3 E - 0 2  6 . 2 2 8 E - 0 2  4 . 6 7 1 E - 0 2  3 . 7 3 7 E - 0 2  3 . 1 1 4 E - 0 2 2 . 6 6 9 E - 0 2 2 . 33 6E- 02 2 . 0 7 6 E - 0 2
1 . 8 6 9 E - 0 2  1 . 6 9 9 E - 0 2  1 . 5 5 7 E - 0 2  1 . 4 3 7 E - 0 2  
1 . 7 85 E- 0 1  1 . 1 9 0 E - 0 1  8 . 9 2 7 E - 0 2  7 . 1 4 2 E - 0 2  5 . 9 5 1 E - 0 2 5 . 1 0 1 E - 0 2 4 . 46 3E- 02 3 . 9 6 8 E - 0 2
3 . 5 7 1 E - 0 2  3 . 2 4 6 E - 0 2  2 . 9 7 6 E - 0 2  2 . 7 4 7 E - 0 2  
3 . 1 02 E- 01  2 . 0 6 8 E - 0 1  1 . 5 5 1 E - 0 1  1 . 2 4 1 E - 0 1  1 . 0 3 4 E - 0 1 8 . 8 6 2 E - 0 2 7 . 7 5 5 E - 0 2 6 . 8 9 3 E - 0 2
6 . 2 0 4 E - 0 2  5 . 640E-02  5 . 1 7 0 E - 0 2  4 . 7 7 2 E - 0 2  
4 . 99 6E -0 1  3 . 3 31 E- 0 1  2 . 4 9 8 E - 0 1  1 . 9 9 9 E - 0 1  1 . 6 6 5 E - 0 1 1 . 4 2 8 E - 0 1 1 . 2 4 9 E - 0 1 1 . 1 1 0 E - 0 1
9 . 9 9 3 E - 0 2  9 . 0 8 4 E - 0 2  8 . 3 2 7 E - 0 2  7 . 6 8 7 E - 0 2  
7 . 5 7 1 E - 0 1  5 . 0 4 7 E - 0 1  3 . 7 8 5 E - 0 1  3 . 0 2 8 E - 0 1  2 . 5 2 4 E - 0 1 2 . 1 6 3 E - 0 1 1 . 8 9 3 E - 0 1 1 . 6 8 2 E - 0 1
1 . 5 1 4 E - 0 1  1 . 3 7 7 E - 0 1  1 . 2 6 2 E - 0 1  1 . 1 6 5 E - 0 1  
1 . 0 9 1 1 6  0 . 7 2 7 4 4  5 . 4 5 6 E - 0 1  4 . 3 6 5 E - 0 1  3 . 6 3 7 E - 0 1 3 . 1 1 8 E - 0 1 2 . 7 2 8 E - 0 1 2 . 4 2 5 E - 0 1
2 . 1 8 2E - 01  1 . 9 8 4 E - 0 1  1 . 8 1 9 E - 0 1  1 . 6 7 9 E - 0 1  
1 . 5 0 8 6 7  1 . 0 0 5 7 8  0 . 7 5 4 3 4  6 . 0 3 5 E - 0 1  5 . 0 2 9 E - 0 1 4 . 3 1 0 E - 0 1 3 . 7 7 2 E - 0 1 3 . 3 5 3 E - 0 1
3 . 0 1 7 E - 0 1  2 . 7 4 3 E - 0 1  2 . 5 1 4 E - 0 1  2 . 3 2 1 E - 0 1
♦ k v t a b l e  3 ♦♦ K v a l u e  t a b l e  f o r  C11-C20  
6 . 0 0 3 E - 04 4 . 0 0 2 E - 0 4  3 . 0 0 1 E - 0 4  2 . 4 0 1 E - 0 4  2 . 0 0 1 E - 0 4 1 . 715 E- 04 1 . 5 0 1 E - 0 4 1 . 3 3 4 E - 0 4
1 . 201E- 04  1 . 0 9 1 E - 0 4  1 . 0 0 0 E - 0 4  9 . 2 3 5 E - 0 5  
3 . 9 3 5 E - 0 3  2 . 6 2 3 E - 0 3  1 . 9 6 7 E - 0 3  1 . 5 7 4 E - 0 3  1 . 3 1 2 E - 0 3 1 . 12 4E- 03 9 . 837E-04 8 . 7 4 4 E - 0 4
7 . 8 7 0 E - 0 4  7 . 1 5 4 E - 0 4  6 . 5 5 8 E - 0 4  6 . 0 5 4 E - 0 4  
1 . 5 7 3 E - 0 2  1 . 0 4 8 E - 0 2  7 . 8 6 3 E - 0 3  6 . 2 9 1 E - 0 3  5 . 2 4 2 E - 0 3 4 . 4 9 3 E - 0 3 3 . 9 3 2 E - 0 3 3 . 495E- 03
3 . 1 45 E- 03  2 . 859E-03 2 . 6 2 1 E - 0 3  2 . 4 1 9 E - 0 3  
4 . 5 5 4 E - 0 2  3 . 0 3 6 E - 0 2  2 . 2 7 7 E - 0 2  1 . 8 2 2 E - 0 2  1 . 5 1 8 E - 0 2 1 . 3 0 1 E - 0 2 1 . 1 3 9 E - 0 2 1 . 0 1 2 E - 0 2
9 . 1 0 8 E - 03 8 . 2 8 0 E - 0 3  7 . 5 9 0 E - 0 3  7 . 0 0 6 E - 0 3  
1 . 057 E- 01  7 . 04 5E- 02  5 . 2 8 4 E - 0 2  4 . 2 2 7 E - 0 2  3 . 5 2 2 E - 0 2 3 . 0 1 9 E - 0 2 2 . 6 4 2 E - 0 2 2 . 348E- 02
2 . 1 1 3 E - 0 2  1 . 9 2 1 E - 0 2  1 . 7 6 1 E - 0 2  1 . 6 2 6 E - 0 2  
2 . 0 92 E- 01  1 . 3 9 5 E - 0 1  1 . 0 4 6 E - 0 1  8 . 3 6 8 E - 0 2  6 . 9 7 3 E - 0 2 5 . 9 7 7 E - 0 2 5 . 2 3 0 E - 0 2 4 . 6 4 9 E - 0 2
4 . 1 8 4 E - 0 2  3 . 8 0 4 E - 0 2  3 . 4 8 7 E - 0 2  3 . 2 1 8 E - 0 2
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1 .5  0 0
0 1 0
♦♦ R e a c t i o n  E n t h a l p y  BTU/ l bmo le
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3 . 6 8 1 E - 0 1  2 . 4 5 4 E - 0 1  1 . 8 4 1 E - 0 1  1 . 4 7 3 E - 0 1  1 . 2 2 7 E - 0 1  1 . 0 5 2 E - 0 1  9 . 2 0 3 E - 0 2  8 . 1 8 1 E - 0 2
7 . 3 6 3 E - 0 2  6 . 6 9 3 E - 0 2  6 . 1 3 5 E - 0 2  5 . 6 6 4 E - 0 2
5 . 9 2 2 E - 0 1  3 . 9 4 8 E - 0 1  2 . 9 6 1 E - 0 1  2 . 3 6 9 E - 0 1  1 . 9 7 4 E - 0 1  1 . 6 9 2 E - 0 1  1 . 4 8 1 E - 0 1  1 . 3 1 6 E - 0 1
1 . 1 8 4 E - 0 1  1 . 0 7 7 E - 0 1  9 . 8 7 1 E - 0 2  9 . 1 1 1 E - 0 2
0 . 8 8 8 4 2  5 . 9 2 3 E - 0 1  4 . 4 4 2 E - 0 1  3 . 5 5 4 E - 0 1  2 . 9 6 1 E - 0 1  2 . 5 3 8 E - 0 1  2 . 2 2 1 E - 0 1  1 . 9 7 4 E - 0 1
1 . 7 7 7 E - 0 1  1 . 6 1 5 E - 0 1  1 . 4 8 1 E - 0 1  1 . 3 6 7 E - 0 1
1 . 2 6 0 7 2  0 . 8 4 0 4 8  0 . 6 3 0 3 6  0 . 5 0 4 2 9  4 . 2 0 2 E - 0 1  3 . 6 0 2 E - 0 1  3 . 1 5 2 E - 0 1  2 . 8 0 2 E - 0 1
2 . 5 2 1 E - 0 1  2 . 2 9 2 E - 0 1  2 . 1 0 1 E - 0 1  1 . 9 4 0 E - 0 1
1 . 7 1 0 5 3  1 . 1 4 0 3 5  0 . 8 5 5 2 6  0 . 6 8 4 2 1  0 . 5 7 0 1 8  0 . 4 8 8 7 2  0 . 4 2 7 6 3  0 . 3 8 0 1 2
0 . 3 4 2 1 1  0 . 3 1 1 0 0  0 . 2 8 5 0 9  2 . 6 3 2 E - 0 1
2 . 2 3 7 E + 0 0  1 . 4 9 1 3 7  1 . 1 1 8 5 3  0 . 8 9 4 8 2  0 . 7 4 5 6 8  0 . 6 3 9 1 6  0 . 5 5 9 2 6  0 . 4 9 7 1 2
0 . 4 4 7 4 1  0 . 4 0 6 7 4  0 . 3 7 2 8 4  0 . 3 4 4 1 6
2 . 8 3 8 E + 0 0  1 . 8 9 2 E + 0 0  1 . 4 1 9 E + 0 0  1 . 1 3 5 1 1  0 . 9 4 5 9 3  0 . 8 1 0 7 9  0 . 7 0 9 4 5  0 . 6 3 0 6 2
0 . 5 6 7 5 6  0 . 5 1 5 9 6  0 . 4 7 2 9 6  0 . 4 3 6 5 8
* k v t a b l e  4 **  K v a l u e  t a b l e  f o r  C 6 - 1 0
1 . 0 3 6 5 E - 0 2  6 . 9 1 0 3 E - 0 3  5 . 1 8 2 7 E - 0 3  4 . 1 4 6 2 E - 0 3  3 . 4 5 5 2 E - 0 3  2 . 9 6 1 6 E - 0 3  2 . 5 9 1 4 E - 0 3  2 . 3 0 3 4 E - 0 3
2 . 0 7 3 1 E - 0 3  1 . 8 8 4 6 E - 0 3  1 . 7 2 7 6 E - 0 3  1 . 5 9 4 7 E - 0 3
0 . 0 4 5 6 5 9  0 . 0 3 0 4 3 9  0 . 0 2 2 8 2 9  0 . 0 1 8 2 6 4  0 . 0 1 5 2 2 0  0 . 0 1 3 0 4 5  0 . 0 1 1 4 1 5  0 . 0 1 0 1 4 6
0 . 0 0 9 1 3 2  0 . 0 0 8 3 0 2  0 . 0 0 7 6 1 0  0 . 0 0 7 0 2 4
0 . 1 3 6 1 4 6  0 . 0 9 0 7 6 4  0 . 0 6 8 0 7 3  0 . 0 5 4 4 5 8  0 . 0 4 5 3 8 2  0 . 0 3 8 8 9 9  0 . 0 3 4 0 3 6  0 . 0 3 0 2 5 5
0 . 0 2 7 2 2 9  0 . 0 2 4 7 5 4  0 . 0 2 2 6 9 1  0 . 0 2 0 9 4 6
0 . 3 1 4 8 7 6  0 . 2 0 9 9 1 7  0 . 1 5 7 4 3 8  0 . 1 2 5 9 5 0  0 . 1 0 4 9 5 9  0 . 0 8 9 9 6 5  0 . 0 7 8 7 1 9  0 . 0 6 9 9 7 2
0 . 0 6 2 9 7 5  0 . 0 5 7 2 5 0  0 . 0 5 2 4 7 9  0 . 0 4 8 4 4 2
0 . 6 1 1 5 2 4  0 . 4 0 7 6 8 3  0 . 3 0 5 7 6 2  0 . 2 4 4 6 1 0  0 . 2 0 3 8 4 1  0 . 1 7 4 7 2 1  0 . 1 5 2 8 8 1  0 . 1 3 5 8 9 4
0 . 1 2 2 3 0 5  0 . 1 1 1 1 8 6  0 . 1 0 1 9 2 1  0 . 0 9 4 0 8 1
1 . 0 4 7 8 4 2  0 . 6 9 8 5 6 2  0 . 5 2 3 9 2 1  0 . 4 1 9 1 3 7  0 . 3 4 9 2 8 1  0 . 2 9 9 3 8 4  0 . 2 6 1 9 6 1  0 . 2 3 2 8 5 4
0 . 2 0 9 5 6 8  0 . 1 9 0 5 1 7  0 . 1 7 4 6 4 0  0 . 1 6 1 2 0 7
1 . 6 3 6 3  1 . 0 9 0 8  0 . 8 1 8 1  0 . 6 5 4 5  0 . 5 4 5 4  0 . 4 6 7 5  0 . 4 0 9 1  0 . 3 6 3 6
0 . 3 2 7 3  0 . 2 9 7 5  0 . 2 7 2 7  0 . 2 5 1 7
2 . 3 8 0 6  1 . 5 8 7 1  1 . 1 9 0 3  0 . 9 5 2 2  0 . 7 9 3 5  0 . 6 8 0 2  0 . 5 9 5 2  0 . 5 2 9 0
0 . 4 7 6 1  0 . 4 3 2 8  0 . 3 9 6 8  0 . 3 6 6 2
3 . 2 7 7 8  2 . 1 8 5 2  1 . 6 3 8 9  1 . 3 1 1 1  1 . 0 9 2 6  0 . 9 3 6 5  0 . 8 1 9 4  0 . 7 2 8 4
0 . 6 5 5 6  0 . 5 9 6 0  0 . 5 4 6 3  0 . 5 0 4 3
4 . 3 1 9 6  2 . 8 7 9 7  2 . 1 5 9 8  1 . 7 2 7 8  1 . 4 3 9 9  1 . 2 3 4 2  1 . 0 7 9 9  0 . 9 5 9 9
0 . 8 6 3 9  0 . 7 8 5 4  0 . 7 1 9 9  0 . 6 6 4 5
5 . 4 9 4 6  3 . 6 6 3 1  2 . 7 4 7 3  2 . 1 9 7 8  1 . 8 3 1 5  1 . 5 6 9 9  1 . 3 7 3 6  1 . 2 2 1 0
1 . 0 9 8 9  0 . 9 9 9 0  0 . 9 1 5 8  0 . 8 4 5 3
6 . 7 8 9 5  4 . 5 2 6 4  3 . 3 9 4 8  2 . 7 1 5 8  2 . 2 6 3 2  1 . 9 3 9 9  1 . 6 9 7 4  1 . 5 0 8 8
1 . 3 5 7 9  1 . 2 3 4 5  1 . 1 3 1 6  1 . 0 4 4 5
8 . 1 9 0 3  5 . 4 6 0 2  4 . 0 9 5 2  3 . 2 7 6 1  2 . 7 3 0 1  2 . 3 4 0 1  2 . 0 4 7 6  1 . 8 2 0 1
1 . 6 3 8 1  1 . 4 8 9 2  1 . 3 6 5 1  1 . 2 6 0 1
* k v t a b l e  5 ** K v a l u e  t a b l e  f o r  C 2 - 5
1 . 0 3 6 5 E - 0 2  6 . 9 1 0 3 E - 0 3  5 . 1 8 2 7 E - 0 3  4 . 1 4 6 2 E - 0 3  3 . 4 5 5 2 E - 0 3  2 . 9 6 1 6 E - 0 3  2 . 5 9 1 4 E - 0 3  2 . 3 0 3 4 E - 0 3
2 . 0 7 3 1 E - 0 3  1 . 8 8 4 6 E - 03 1 . 7 2 7 6 E - 0 3  1 . 5 9 4 7 E - 0 3  
0 . 0 4 5 6 5 9  0 . 0 3 0 4 3 9  0 . 0 2 2 8 2 9  0 . 0 1 8 2 6 4  0 . 0 1 5 2 2 0  0 . 0 1 3 0 4 5  0 . 0 1 1 4 1 5  0 . 0 1 0 1 4 6
0 . 0 0 9 1 3 2  0 . 0 0 8 3 0 2  0 . 0 0 7 6 1 0  0 . 0 0 7 0 2 4
0 . 1 3 6 1 4 6  0 . 0 9 0 7 6 4  0 . 0 6 8 0 7 3  0 . 0 5 4 4 5 8  0 . 0 4 5 3 8 2  0 . 0 3 8 8 9 9  0 . 0 3 4 0 3 6  0 . 0 3 0 2 5 5
0 . 0 2 7 2 2 9  0 . 0 2 4 7 5 4  0 . 0 2 2 6 9 1  0 . 0 2 0 9 4 6
0 . 3 1 4 8 7 6  0 . 2 0 9 9 1 7  0 . 1 5 7 4 3 8  0 . 1 2 5 9 5 0  0 . 1 0 4 9 5 9  0 . 0 8 9 9 6 5  0 . 0 7 8 7 1 9  0 . 0 6 9 9 7 2
0 . 0 6 2 9 7 5  0 . 0 5 7 2 5 0  0 . 0 5 2 4 7 9  0 . 0 4 8 4 4 2
0 . 6 1 1 5 2 4  0 . 4 0 7 6 8 3  0 . 3 0 5 7 6 2  0 . 2 4 4 6 1 0  0 . 2 0 3 8 4 1  0 . 1 7 4 7 2 1  0 . 1 5 2 8 8 1  0 . 1 3 5 8 9 4
0 . 1 2 2 3 0 5  0 . 1 1 1 1 8 6  0 . 1 0 1 9 2 1  0 . 0 9 4 0 8 1
1 . 0 4 7 8 4 2  0 . 6 9 8 5 6 2  0 . 5 2 3 9 2 1  0 . 4 1 9 1 3 7  0 . 3 4 9 2 8 1  0 . 2 9 9 3 8 4  0 . 2 6 1 9 6 1  0 . 2 3 2 8 5 4
0 . 2 0 9 5 6 8  0 . 1 9 0 5 1 7  0 . 1 7 4 6 4 0  0 . 1 6 1 2 0 7
1 . 6 3 6 3  1 . 0 9 0 8  0 . 8 1 8 1  0 . 6 5 4 5  0 . 5 4 5 4  0 . 4 6 7 5  0 . 4 0 9 1  0 . 3 6 3 6
0 . 3 2 7 3  0 . 2 9 7 5  0 . 2 7 2 7  0 . 2 5 1 7
2 . 3 8 0 6  1 . 5 8 7 1  1 . 1 9 0 3  0 . 9 5 2 2  0 . 7 9 3 5  0 . 6 8 0 2  0 . 5 9 5 2  0 . 5 2 9 0
0 . 4 7 6 1  0 . 4 3 2 8  0 . 3 9 6 8  0 . 3 6 6 2
3 . 2 7 7 8  2 . 1 8 5 2  1 . 6 3 8 9  1 . 3 1 1 1  1 . 0 9 2 6  0 . 9 3 6 5  0 . 8 1 9 4  0 . 7 2 8 4
0 . 6 5 5 6  0 . 5 9 6 0  0 . 5 4 6 3  0 . 5 0 4 3
4 . 3 1 9 6  2 . 8 7 9 7  2 . 1 5 9 8  1 . 7 2 7 8  1 . 4 3 9 9  1 . 2 3 4 2  1 . 0 7 9 9  0 . 9 5 9 9
0 . 8 6 3 9  0 . 7 8 5 4  0 . 7 1 9 9  0 . 6 6 4 5
5 . 4 9 4 6  3 . 6 6 3 1  2 . 7 4 7 3  2 . 1 9 7 8  1 . 8 3 1 5  1 . 5 6 9 9  1 . 3 7 3 6  1 . 2 2 1 0
1 . 0 9 8 9  0 . 9 9 9 0  0 . 9 1 5 8  0 . 8 4 5 3
6 . 7 8 9 5  4 . 5 2 6 4  3 . 3 9 4 8  2 . 7 1 5 8  2 . 2 6 3 2  1 . 9 3 9 9  1 . 6 9 7 4  1 . 5 0 8 8
1 . 3 5 7 9  1 . 2 3 4 5  1 . 1 3 1 6  1 . 0 4 4 5
8 . 1 9 0 3  5 . 4 6 0 2  4 . 0 9 5 2  3 . 2 7 6 1  2 . 7 3 0 1  2 . 3 4 0 1  2 . 0 4 7 6  1 . 8 2 0 1
1 . 6 3 8 1  1 . 4 8 9 2  1 . 3 6 5 1  1 . 2 6 0 1
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♦ k v t a b l e 6 ** K v a l u e  t a b l e  f o r  CH4
1 0 . 8 8 6 5 7 . 2 5 7 7 5 . 4 4 3 2  4 . 3 5 4 6  3 . 6 2 88  3 . 1 1 0 4  2 . 7 2 1 6  2 . 4 1 9 2  2 . 1 7 7 3 1 . 9 7 9 4 1 . 8 1 4 4 1 . 6 7 4 8
1 8 . 0 1 4 4 1 2 . 0 0 9 6 9 . 0 0 7 2 7 . 2 0 5 8  6 . 0 0 4 8  5 . 1 4 7 0  4 . 5 0 3 6  4 . 0 0 3 2  3 . 6 0 2 9  3 . 2 7 5 4 3 . 0 0 2 4 2 . 7 7 1 5
2 6 . 1 0 9 2 1 7 . 4 0 6 1 1 3 . 0 5 4 6 1 0 . 4 4 3 7 8 . 7 0 3 1 7 . 4 5 9 8 6 . 5 2 7 3  5 . 8 0 2 0  5 . 2 2 1 8  4 . 7 4 7 1  4 . 3 5 1 5  4 . 0 1 6 8
3 4 . 7 1 2 3 2 3 . 1 4 1 5 1 7 . 3 5 6 1 1 3 . 8 8 4 9 1 1 . 5 7 0 8 9 . 9 1 7 8 8 . 6 7 8 1  7 . 7 1 3 8  6 . 9 4 2 5  6 . 3 1 1 3  5 . 7 8 5 4  5 . 3 4 0 4
4 3 . 4 9 1 5
6 . 6 9 1 0
2 8 . 9 9 4 3 2 1 . 7 4 5 8 1 7 . 3 9 6 6 1 4 . 4 9 7 2 1 2 . 4 2 6 1 1 0 . 8 7 2 9 9 . 6 6 4 8 8 . 6 9 8 3  7 . 9 0 7 5  7 . . 2 4 8 6
5 2 . 2 2 1 6
8 . 0 3 4 1
3 4 . 8 1 4 4 2 6 . 1 1 0 8 2 0 . 8 8 8 6 1 7 . 4 0 7 2 1 4 . 9 2 0 5 1 3 . 0 5 5 4 1 1 . 6 0 4 8 1 0 . 4 4 4 3 9 . 4 9 4 8 8 . 7 0 3 6
6 0 . 7 5 7 3
9 . 3 4 7 3
4 0 . 5 0 4 9 3 0 . 3 7 8 6 2 4 . 3 0 2 9 2 0 . 2 5 2 4 17 . 3 5 9 2 1 5 . 1 8 9 3 1 3 . 5 0 1 6 1 2 . 1 5 1 5 1 1 . 0 4 6 8 1 0 . 1 2 6 2
6 9 . 0 0 9 7
1 0 . 6 1 6 9
4 6 . 0 0 6 5 3 4 . 5 0 4 9 2 7 . 6 0 3 9 2 3 . 0 0 3 2 1 9 . 7 1 7 1 1 7 . 2 5 2 4 1 5 . 3 3 5 5 1 3 . 8 0 1 9 1 2 . 5 4 7 2 1 1 . 5 0 1 6
7 6 . 9 2 8 6
1 1 . 8 3 5 2
5 1 . 2 8 5 8 3 8 . 4 6 4 3 3 0 . 7 7 1 5 2 5 . 6 4 2 9 2 1 . 9 7 9 6 1 9 . 2 3 2 2 1 7 . 0 9 5 3 1 5 . 3 8 5 7 1 3 . 9 8 7 0 1 2 . 8 2 1 4
8 4 . 4 8 9 6
1 2 . 9 9 8 4
5 6 . 3 2 6 4 4 2 . 2 4 4 8 3 3 . 7 9 5 8 2 8 . 1 6 3 2 2 4 . 1 3 9 9 2 1 . 1 2 2 4 1 8 . 7 7 5 5 1 6 . 8 9 7 9 1 5 . 3 6 1 7 1 4 . 0 8 1 6
9 1 . 6 8 5 0
1 4 . 1 0 5 4
6 1 . 1 2 3 4 4 5 . 8 4 2 5 3 6 . 6 7 4 0 3 0 . 5 6 1 7 2 6 . 1 9 5 7 2 2 . 9 2 1 3 2 0 . 3 7 4 5 1 8 . 3 3 7 0 1 6 . 6 7 0 0 1 5 . 2 8 0 8
9 8 . 5 1 8 3
1 5 . 1 5 6 7
6 5 . 6 7 8 9 4 9 . 2 5 9 2 3 9 . 4 0 7 3 3 2 . 8 3 9 4 2 8 . 1 4 8 1 2 4 . 6 2 9 6 2 1 . 8 9 3 0 1 9 . 7 0 3 7 1 7 . 9 1 2 4 1 6 . 4 1 9 7
1 0 4 . 9 9 9 7  6 9 . 9 9 9 8  5 2 . 4 9 9 9  4 1 . 9 9 9 9  3 4 . 9 9 9 9  2 9 . 9 9 9 9  2 6 . 2 4 9 9  2 3 . 3 3 3 3  2 0 . 9 9 9 9  1 9 . 0 9 0 9  1 7 . 5 0 0 0
1 6 . 1 5 3 8
* k v t a b l e  7 **  K v a l u e  t a b l e  f o r  C02
2 . 4 9 1 4  1 . 6 6 0 9  1 . 2 4 5 7  0 . 9 9 6 6  0 . 8 3 0 5  0 . 7 1 1 8  0 . 6 2 2 9  0 . 5 5 3 6  0 . 4 9 8 3  0 . 4 5 3 0  0 . 4 1 5 2  0 . 3 8 3 3
6 . 8 2 4 9  4 . 5 5 0 0  3 . 4 1 2 5  2 . 7 3 0 0  2 . 2 7 5 0  1 . 9 5 0 0  1 . 7 0 6 2  1 . 5 1 6 7  1 . 3 6 5 0  1 . 2 4 0 9  1 . 1 3 7 5  1 . 0 5 0 0
1 4 . 3 4 1 1  9 . 5 6 0 7  7 . 1 7 0 5  5 . 7 3 6 4  4 . 7 8 0 4  4 . 0 9 7 5  3 . 5 8 5 3  3 . 1 8 6 9  2 . 8 6 8 2  2 . 6 0 7 5  2 . 3 9 0 2  2 . 2 0 6 3
2 5 . 3 5 5 3  1 6 . 9 0 3 5  1 2 . 6 7 7 6  1 0 . 1 4 2 1  8 . 4 5 1 8  7 . 2 4 4 4  6 . 3 3 8 8  5 . 6 3 4 5  5 . 0 7 1 1  4 . 6 1 0 1  4 . 2 2 5 9  3 . 9 0 0 8
3 9 . 8 1 0 3  2 6 . 5 4 0 2  1 9 . 9 0 5 2  1 5 . 9 2 4 1  1 3 . 2 7 0 1  1 1 . 3 7 4 4  9 . 9 5 2 6  8 . 8 4 6 7  7 . 9 6 2 1  7 . 2 3 8 2  6 . 6 3 5 1  6 . 1 2 4 7
5 7 . 4 0 5 7  3 8 . 2 7 0 5  2 8 . 7 0 2 9  2 2 . 9 6 2 3  1 9 . 1 3 5 2  1 6 . 4 0 1 6  1 4 . 3 5 1 4  1 2 . 7 5 6 8  1 1 . 4 8 1 1  1 0 . 4 3 7 4  9 . 5 6 7 6
8 . 8 3 1 7
7 7 . 7 1 5 6  5 1 . 8 1 0 4  3 8 . 8 5 7 8  3 1 . 0 8 6 2  2 5 . 9 0 5 2  2 2 . 2 0 4 5  1 9 . 4 2 8 9  1 7 . 2 7 0 1  1 5 . 5 4 3 1  1 4 . 1 3 0 1  1 2 . 9 5 2 6
1 1 . 9 5 6 2
1 0 0 . 2 7 2 0  6 6 . 8 4 8 0  5 0 . 1 3 6 0  4 0 . 1 0 8 8  3 3 . 4 2 4 0  2 8 . 6 4 9 1  2 5 . 0 6 8 0  2 2 . 2 8 2 7  2 0 . 0 5 4 4  1 8 . 2 3 1 3  1 6 . 7 1 2 0
1 5 . 4 2 6 5
1 2 4 . 6 1 6 6  8 3 . 0 7 7 7  6 2 . 3 0 8 3  4 9 . 8 4 6 6  4 1 . 5 3 8 9  3 5 . 6 0 4 7  3 1 . 1 5 4 1  2 7 . 6 9 2 6  2 4 . 9 2 3 3  2 2 . 6 5 7 6  2 0 . 7 6 9 4
1 9 . 1 7 1 8
1 5 0 . 3 2 8 4  1 0 0 . 2 1 8 9  7 5 . 1 6 4 2  6 0 . 1 3 1 4  5 0 . 1 0 9 5  4 2 . 9 5 1 0  3 7 . 5 8 2 1  3 3 . 4 0 6 3  3 0 . 0 6 5 7  2 7 . 3 3 2 4  2 5 . 0 5 4 7
2 3 . 1 2 7 4
1 7 7 . 0 3 6 2  1 1 8 . 0 2 4 1  8 8 . 5 1 8 1  7 0 . 8 1 4 5  5 9 . 0 1 2 1  5 0 . 5 8 1 8  4 4 . 2 5 9 0  3 9 . 3 4 1 4  3 5 . 4 0 7 2  3 2 . 1 8 8 4  2 9 . 5 0 6 0
2 7 . 2 3 6 3
2 0 4 . 4 2 1 4  1 3 6 . 2 8 0 9  1 0 2 . 2 1 0 7  8 1 . 7 6 8 5  6 8 . 1 4 0 5  5 8 . 4 0 6 1  5 1 . 1 0 5 3  4 5 . 4 2 7 0  4 0 . 8 8 4 3  3 7 . 1 6 7 5  3 4 . 0 7 0 2
3 1 . 4 4 9 4
2 3 2 . 2 1 6 1  1 5 4 . 8 1 0 7  1 1 6 . 1 0 8 0  9 2 . 8 8 6 4  7 7 . 4 0 5 4  6 6 . 3 4 7 5  5 8 . 0 5 4 0  5 1 . 6 0 3 6  4 6 . 4 4 3 2  4 2 . 2 2 1 1  3 8 . 7 0 2 7
3 5 . 7 2 5 6
* k v t a b l e  8 * *  K v a l u e  t a b l e  f o r  N2
2 7 . 0 1 8 8  1 8 . 0 1 2 5  1 3 . 5 0 9 4  1 0 . 8 0 7 5  9 . 0 0 6 3  7 . 7 1 9 7  6 . 7 5 4 7  6 . 0 0 4 2  5 . 4 0 3 8  4 . 9 1 2 5  4 . 5 0 3 1  4 . 1 5 6 7
3 8 . 0 4 8 3  2 5 . 3 6 5 5  1 9 . 0 2 4 1  1 5 . 2 1 9 3  1 2 . 6 8 2 8  1 0 . 8 7 0 9  9 . 5 1 2 1  8 . 4 5 5 2  7 . 6 0 9 7  6 . 9 1 7 9  6 . 3 4 1 4  5 . 8 5 3 6
4 8 . 9 6 4 5  3 2 . 6 4 3 0  2 4 . 4 8 2 2  1 9 . 5 8 5 8  1 6 . 3 2 1 5  1 3 . 9 8 9 8  1 2 . 2 4 1 1  1 0 . 8 8 1 0  9 . 7 9 2 9  8 . 9 0 2 6  8 . 1 6 0 7
7 . 5 3 3 0
5 9 . 4 2 2 5  3 9 . 6 1 5 0  2 9 . 7 1 1 3  2 3 . 7 6 9 0  1 9 . 8 0 7 5  1 6 . 9 7 7 9  1 4 . 8 5 5 6  1 3 . 2 0 5 0  1 1 . 8 8 4 5  1 0 . 8 0 4 1  9 . 9 0 3 8
9 . 1 4 1 9
6 9 . 2 6 3 8  4 6 . 1 7 5 9  3 4 . 6 3 1 9  2 7 . 7 0 5 5  2 3 . 0 8 7 9  1 9 . 7 8 9 7  1 7 . 3 1 6 0  1 5 . 3 9 2 0  1 3 . 8 5 2 8  1 2 . 5 9 3 4  1 1 . 5 4 4 0
1 0 . 6 5 6 0
7 8 . 4 3 4 0  5 2 . 2 8 9 3  3 9 . 2 1 7 0  3 1 . 3 7 3 6  2 6 . 1 4 4 7  2 2 . 4 0 9 7  1 9 . 6 0 8 5  1 7 . 4 2 9 8  1 5 . 6 8 6 8  1 4 . 2 6 0 7  1 3 . 0 7 2 3
1 2 . 0 6 6 8
8 6 . 9 3 4 5  5 7 . 9 5 6 3  4 3 . 4 6 7 2  3 4 . 7 7 3 8  2 8 . 9 7 8 2  2 4 . 8 3 8 4  2 1 . 7 3 3 6  1 9 . 3 1 8 8  1 7 . 3 8 6 9  1 5 . 8 0 6 3  1 4 . 4 8 9 1
1 3 . 3 7 4 5
9 4 . 7 9 5 2  6 3 . 1 9 6 8  4 7 . 3 9 7 6  3 7 . 9 1 8 1  3 1 . 5 9 8 4  2 7 . 0 8 4 3  2 3 . 6 9 8 8  2 1 . 0 6 5 6  1 8 . 9 5 9 0  1 7 . 2 3 5 5  1 5 . 7 9 9 2
1 4 . 5 8 3 9
1 0 2 . 0 5 9 2  6 8 . 0 3 9 5  5 1 . 0 2 9 6  4 0 . 8 2 3 7  3 4 . 0 1 9 7  2 9 . 1 5 9 8  2 5 . 5 1 4 8  2 2 . 6 7 9 8  2 0 . 4 1 1 8  1 8 . 5 5 6 2  1 7 . 0 0 9 9
1 5 . 7 0 1 4
1 0 8 . 7 7 4 1  7 2 . 5 1 6 1  5 4 . 3 8 7 1  4 3 . 5 0 9 7  3 6 . 2 5 8 0  3 1 . 0 7 8 3  2 7 . 1 9 3 5  2 4 . 1 7 2 0  2 1 . 7 5 4 8  1 9 . 7 7 7 1  1 8 . 1 2 9 0
1 6 . 7 3 4 5
1 1 4 . 9 8 7 6  7 6 . 6 5 8 4  5 7 . 4 9 3 8  4 5 . 9 9 5 1  3 8 . 3 2 9 2  3 2 . 8 5 3 6  2 8 . 7 4 6 9  2 5 . 5 5 2 8  2 2 . 9 9 7 5  2 0 . 9 0 6 8  1 9 . 1 6 4 6
1 7 . 6 9 0 4
1 2 0 . 7 4 5 2  8 0 . 4 9 6 8  6 0 . 3 7 2 6  4 8 . 2 9 8 1  4 0 . 2 4 8 4  3 4 . 4 9 8 6  3 0 . 1 8 6 3  2 6 . 8 3 2 3  2 4 . 1 4 9 0  2 1 . 9 5 3 7  2 0 . 1 2 4 2
1 8 . 5 7 6 2
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1 2 6 . 0 8 9 1  8 4 . 0 5 9 4  6 3 . 0 4 4 5  5 0 . 4 3 5 6  4 2 . 0 2 9 7  3 6 . 0 2 5 4  3 1 . 5 2 2 3  2 8 . 0 1 9 8  2 5 . 2 1 7 8  2 2 . 9 2 5 3  2 1 . 0 1 4 8
1 9 . 3 9 8 3
** R e f e r e n c e  c o n d i t i o n s
★ p r s r  1 4 . 7  * t e m r  60 * p s u r f  1 4 . 7  * t s u r f  60
★★ PRSR 6 0 0 . 0  ★* r e f e r e n c e  p r e s s u r e .  c o r r e s p o n d i n g  t o  t h e  d e n s i t y
** TEMR 1 7 5 . 0  ★★ r e f e r e n c e  t e m p e r a t u r e ,  c o r r e s p o n d i n g  t o  t h e  d e n s i t y
** PSURF 1 4 . 7  **  p r e s s u r e  a t  s u r f a c e .  f o r  r e p o r t i n g  w e l l  r a t e s ,  e t c .
**  TSURF 6 2 . 3  ★★ t e m p e r a t u r e  a t  s u r f a c e ,  f o r  r e p o r t i n g  w e l l  r a t e s ,  e t c .
★★ ============= = ROCK-FLUID PROPERTIES =============
★ r o c k f l u i d
★swt  ★★ W a t e r - o i l  MISCIBLE R e l a t i v e  P e r m e a b i l i t i e s
★* S i w  = S w i r  = 0 . 24 S o r w  = 0 . 3  S o r g  = 0 . 1  :
**  K r o i w  = 0 . 4 K r w r o  = 0 . 1  K r g r o  = 0 . 2
★★ Sw K r w ( m s c ) K r o w ( m s c )
0 . 2 4 0 0 . 4
0 . 2 8 1 8 1 8 1 8 2 0 . 0 0 9 0 9 0 9 0 9 0 . 3 6 3 6 3 6 3 6 4
0 . 3 2 3 6 3 6 3 6 4 0 . 0 1 8 1 8 1 8 1 8 0 . 3 2 7 2 7 2 7 2 7
0 . 3 6 5 4 5 4 5 4 5 0 . 0 2 7 2 7 2 7 2 7 0 . 2 9 0 9 0 9 0 9 1
0 . 4 0 7 2 7 2 7 2 7 0 . 0 3 6 3 6 3 6 3 6 0 . 2 5 4 5 4 5 4 5 5
0 . 4 4 9 0 9 0 9 0 9 0 . 0 4 5 4 5 4 5 4 5 0 . 2 1 8 1 8 1 8 1 8
0 . 4 9 0 9 0 9 0 9 1 0 . 0 5 4 5 4 5 4 5 5 0 . 1 8 1 8 1 8 1 8 2
0 . 5 3 2 7 2 7 2 7 3 0 . 0 6 3 6 3 6 3 6 4 0 . 1 4 5 4 5 4 5 4 5
0 . 5 7 4 5 4 5 4 5 5 0 . 0 7 2 7 2 7 2 7 3 0 . 1 0 9 0 9 0 9 0 9
0 . 6 1 6 3 6 3 6 3 6 0 . 0 8 1 8 1 8 1 8 2 0 . 0 7 2 7 2 7 2 7 3
0 . 6 5 8 1 8 1 8 1 8 0 . 0 9 0 9 0 9 0 9 1 0 . 0 3 6 3 6 3 6 3 6
0 . 7 0 . 1 0 . 0
S g c  = 0 . 0 6
★ s i t  ★* L i q u i d - g a s  r e l a t i v e  MISCIBLE p e r m e a b i l i t i e s
* *
* *
5L K r g ( m s c ) K r o g ( m s c )
0 . 2 4 0 . 2  0
0 . 3 4 0 . 1 7 3 6 8 4 2 1 1 0 . 0 5 2 6 3 1 5 7 9
0 . 3 7 7 5 0 . 1 6 3 8 1 5 7 8 9 0 . 0 7 2 3 6 8 4 2 1
0 . 4 1 5 0 . 1 5 3 9 4 7 3 6 8 0 . 0 9 2 1 0 5 2 6 3
0 . 4 5 2 5 0 . 1 4 4 0 7 8 9 4 7 0 . 1 1 1 8 4 2 1 0 5
0 . 4 9 0 . 1 3 4 2 1 0 5 2 6 0 . 1 3 1 5 7 8 9 4 7
0 . 5 2 7 5 0 . 1 2 4 3 4 2 1 0 5 0 . 1 5 1 3 1 5 7 8 9
0 . 5 6 5 0 . 1 1 4 4 7 3 6 8 4 0 . 1 7 1 0 5 2 6 3 2
0 . 6 0 2 5 0 . 1 0 4 6 0 5 2 6 3 0 . 1 9 0 7 8 9 4 7 4
0 . 6 4 0 . 0 9 4 7 3 6 8 4 2 0 . 2 1 0 5 2 6 3 1 6
0 . 6 7 7 5 0 . 0 8 4 8 6 8 4 2 1 0 . 2 3 0 2 6 3 1 5 8
0 . 7 1 5 0 . 0 7 5 0 . 2 5
0 . 7 5 2 5 0 . 0 6 5 1 3 1 5 7 9 0 . 2 6 9 7 3 6 8 4 2
0 . 7 9 0 . 0 5 5 2 6 3 1 5 8 0 . 2 8 9 4 7 3 6 8 4
0 . 8 2 7 5 0 . 0 4 5 3 9 4 7 3 7 0 . 3 0 9 2 1 0 5 2 6
0 . 8 6 5 0 . 0 3 5 5 2 6 3 1 6 0 . 3 2 8 9 4 7 3 6 8
0 . 9 0 2 5 0 . 0 2 5 6 5 7 8 9 5 0 . 3 4 8 6 8 4 2 1 1
0 . 9 4 0 . 0 1 5 7 8 9 4 7 4 0 . 3 6 8 4 2 1 0 5 3
1 . 0 0 . 0 0 . 4
====== I N I T I A L CONDITIONS
★ i n i t i a l
★★ A u t o m a t i c  s t a t i c  v e r t i c a l  e q u i l i b r i u m -  v e r t i c a l - o n  - r e f p r e s = 7 5  p s i  r e f e r e n c e  p r e s s u r e  
★★ p s t e p = 3  v e r t i c a l  e q u i l i b r i u m  i s  d o n e  w i t h  3 t i m e s t e p s  w i t h  z e r o  s o u r c e s  a n d  s i n k s ,  
★ v e r t i c a l  * o n  * p s t e p  75  * r e f p r e s  6 0 0 0  * r e f d e p t h  8 2 0 5  * r e f b l o c k  1 1 1
★SW * c o n  0 . 3 5  ★★ S o = 0 . 0 1  b y  d i f f e r e n c e ,  s i n c e  S g  = 0 . 6 4
★SW * i v a r
0 . 9 9 9  0 . 6 7 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  
0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  
★★ *SG * c o n  0 . 6 4  ★★ i n i t i a l  g a s  s a t u r a t i o n  i s  0 . 5 4
★SG * i v a r
0 . 0  0 . 0  0 . 0  0 . 0  0 . 2 7  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  
0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4
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♦temp *co n  280.
** 1 2 3  4 5 6 7 8
** ' H 2 0 ' ' C 2 1 + ' ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4 ' ' C 0 2 '  ' N 2 '
**  * m o l e f r a c  * g a s  * c o n  4 * 0 . 0  0 . 0 0 0 1  0 . 9 9 9 9  0 . 0  0 . 0
I n i t i a l  p e t r o l e u m  p h a s e  f r a c t i o n  a r e : C 2 1 + = 0 . 3 5 8 7 5 5 4 8  C l l - 2 0 = 0 . 3 7 3 6 0 9 0 6* *  
* *  
★ «r 
* *
' 0 2 '
0. 0
10
' C O '
0. 0
** *MOLEFRAC * 0 I L  *C0N 
* m o l e f r a c  * o i l  * c o n
C 6 - 1 0 = 0 . 1 9 2 9 3 2 9 2  C l - 5  = 0 . 0 7 4 7 0 2 5 5  
1 2  3 4 5 6 7 8 9  10
' H 2 0 ' ' C 2 1 + ' ' C 1 0 - 2 0 '  ' C 6 - 9 ' ' C 2 - 5 '  ' C H4 ' ' C 0 2 '  ' N 2 '  ' 0 2 '  ' C O '
. 0  . 0 0 0 6 9 8  . 6 1 9 8 8 4  . 3 7 9 4 1 9  0 . 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0
0 . 0  0 . 1 3 9 9  0 . 1 6 0 5  0 . 0 6 0 4 7  0 . 2 3 9 1  0 . 2 2 9  0 . 0  0 . 0
** = == =========== NUMERICAL CONTROL ======================
♦ n u m e r i c a l  **  A l l  t h e s e  c a n  b e  d e f a u l t e d .  T he  d e f i n i t i o n s  
**  h e r e  m a t c h  t h e  p r e v i o u s  d a t a .
♦DTMAX 0 . 2 5  
**  *DTMAX . 0 1  
**  *DTMAX 0 . 2 5  
**  *DTMAX 1 . 5  
♦ m a x s t e p s  73 00 0  
♦ u n r e l a x  - 1  
♦ n o r m  p r e s s  2 8 0  s a t u r  0 . 3 9  
♦ c o n v e r g e
♦ p r e s s  4 . 3 5  
♦ s a t u r  0 . 0 4 9  
♦ t e m p  1 . 7 9  
0 . 0 9  
0 . 0 9  
0 . 0 9  
0 . 0 4  
0 . 0 4  
0 . 5
♦ n o r t h  10  * n e w t o n c y c  29 * i t e r m a x  12 0  
♦ p i v o t  * on  * p v t o s c m a x  15 
t e m p  2 5 0
j
* x  
*w
* z o  
♦ z n c g  
♦ z a q  
♦ w e l l r e s  1 
♦ m a t b a l t o l  1
♦ r u n
** ============== RECURRENT DATA ======================
** P r o j e c t  s t a r t s  o n  z e r o  t i m e  a n d  d t w e l . t h e  s t a r t i n g  t i m e  s t e p  s i z e  i s  0 . 1  d a y s  
t i m e  0 d t w e l l  . 0 0 0 1
** 3
*★ __________________________________________________________________________
WELL 1 'DOWNDIP INJECTOR'
** RAD GEOFAC WFRAC SKIN
GEOMETRY *K 0 . 3 7 5  0 . 2 4 9  1 . 0  0 . 0
INJECTOR m o b w e i g h t  1 
OPERATE MAX g a s  6 5 0 0 0 0 0 0 .
OPERATE MAX b h p  6 8 0 0 .
** OPERATE MAX b h p  6 9 0 0 .
**  1 2  3
** ' H 2 0 ' ' C 2 1 +
INCOMP GAS 6 * 0 .
**  Maximum G a s  I n j e c t i o n  R a t e  1 5 - 4 ,  
**  Maximum I n j e c t i o n  B H P r e s s u r e  6 9 0 0  
** Maximum I n j e c t i o n  B H P r e s s u r e  6 9 0 0  
4 5 6 7
' C 1 0 - 2 0 '  ' C 6 - 9 ' ' C 2 - 5 ' ' CH4 '
TINJOV 2 50  
** g e o m e t r y  
PERF GEO 1 
★ ★
2






- 6 7 0 0  p s i
- 6 7 0 0  p s i  
8 9 10  11
’C 0 2 ' ' N 2 ' ' 0 2 '  ' C O '  'COKE'
0 0 . 7 9  0 . 2 1  0 . 0
** A i r  i n j e c t i o n  21% 0 2  & 79% N2 
** I n j e c t i o n  G a s  T e m p e r a t u r e  3 0 0  o F 
** U s e  t u b e - e n d  o p t i o n
i r  j r  k r  w i  = 0 . 0 0 7 0 8 2 * k * h / l n ( 0 . 5 * r e / r w )
WELL 2 ' U P D I P  PRDCR'
*★
GEOMETRY *K 0 . 3 7 5
PRODUCER 2 
OPERATE MAX l i q u i d  2 3 00  
OPERATE MIN b h p  5 5 00  
** OPERATE MIN b h p  5 1 0 0  
MONITOR MAX w o r  9 s h u t i n
RAD
0 . 2 4 9
GEOFAC





** Maximum L i q u i d  R a t e  2 0 0 0  - 1 6 0 0  B/ D 
**  Mi ni mum BHP 5 5 0 0  -  5 9 0 0  p s i  
** Mi nimum BHP 5 5 0 0  - 5 9 0 0  p s i  
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S t o p
*GEO 2
i  j  k  f f  i r  j r  k r  w i  = 0 . 0 0 7 0 8 2 * k * h / l n ( 0 . 5 * r e / r w )
21  2 : 8  4 1
0 . 0 0 0 0 1
1 . 0
3 1 . 0
o u t s r f  g r i d  p r e s  sw  s o  s g  t e m p  y  x  w s o l c o n c  o b h l o s s
m a s d e n w  m a s d e n o  m a s d e n g  p c o w  p c o g  v i s w  v i s o  v i s g  
k r w  k r o  k r g  k v a l y w  k v a l y x  c mp d e n w c m p d e n o  c m p v i s w  
c m p v i s o  c m p v i s g  c c h l o s s
9 0 . 0
1 1 5 . 0
1 8 2 . 6 2 5
o u t s r f  g r i d  p r e s  sw s o  s g  t e m p  y  x  w s o l c o n c  o b h l o s s
m a s d e n w  m a s d e n o  m a s d e n g  p c o w  p c o g  v i s w  v i s o  v i s g  
k r w  k r o  k r g  k v a l y w  k v a l y x  c mp de n w c m p d e n o  c m p v i s w  
c m p v i s o  c m p v i s g  c c h l o s s
3 6 5 . 2 5
o u t s r f  g r i d  p r e s  sw s o  s g  t e m p  y  x  w s o l c o n c  o b h l o s s
m a s d e n w  m a s d e n o  m a s d e n g  p c o w  p c o g  v i s w  v i s o  v i s g  
k r w  k r o  k r g  k v a l y w  k v a l y x  c mp d en w c m p d e n o  c m p v i s w  
c m p v i s o  c m p v i s g  c c h l o s s
5 4 7 . 8 7 5
7 3 0 . 5 0
o u t s r f  g r i d  p r e s  sw s o  s g  t e m p  y  x  w s o l c o n c  o b h l o s s
m a s d e n w  m a s d e n o  m a s d e n g  p c o w  p c o g  v i s w  v i s o  v i s g  
k r w  k r o  k r g  k v a l y w  k v a l y x  c mp d e n w  c m p d e n o  c m p v i s w  
c m p v i s o  c m p v i s g  c c h l o s s
9 1 3 . 1 2 5
o u t s r f  g r i d  p r e s  sw s o  s g  t e m p  y  x  w s o l c o n c  o b h l o s s
m a s d e n w  m a s d e n o  m a s d e n g  p c o w  p c o g  v i s w  v i s o  v i s g  
k r w  k r o  k r g  k v a l y w  k v a l y x  c mp d e n w c m p d e n o  c m p v i s w  
c m p v i s o  c m p v i s g  c c h l o s s
1 0 9 5 . 7 5
o u t s r f  g r i d  p r e s  sw s o  s g  t e m p  y  x  w s o l c o n c  o b h l o s s
m a s d e n w  m a s d e n o  m a s d e n g  p c o w  p c o g  v i s w  v i s o  v i s g  
k r w  k r o  k r g  k v a l y w  k v a l y x  c mp d en w  c m p d e n o  c m p v i s w  
c m p v i s o  c m p v i s g  c c h l o s s
1 4 6 1 .
o u t s r f  g r i d  p r e s  sw s o  s g  t e m p  y  x  w s o l c o n c  o b h l o s s
m a s d e n w  m a s d e n o  m a s d e n g  p c o w p c o g  v i s w  v i s o  v i s g  
k r w  k r o  k r g  k v a l y w  k v a l y x  c mp d en w c m p d e n o  c m p v i s w  
c m p v i s o  c m p v i s g  c c h l o s s
1 8 2 6 . 2 5
o u t s r f  g r i d  p r e s  sw s o  s g  t e m p  y  x  w s o l c o n c  o b h l o s s
m a s d e n w  m a s d e n o  m a s d e n g  p c o w  p c o g  v i s w  v i s o  v i s g  
k r w  k r o  k r g  k v a l y w  k v a l y x  c mp de n w c m p d e n o  c m p v i s w  
c m p v i s o  c m p v i s g  c c h l o s s
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*  * ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
** CONDENSATE FIELD SCALE I N - S I T U  COMBUSTION -  IMMISCIBLE DISPLACEMENT.
** HORIZONTAL PRODUCER DOWNDIP (HP)  - -  HORIZONTAL INJECTOR UPDIP ( H I ) .
**  ==---------------- --— = == = == -------- --— COND_ISC_HPHI . DAT-----== == == == ==------- =======
*  * ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
** T h i s  i s  STARS d a t a  s e t  f o r  C o n d e n s a t e  F i e l d  S c a l e  I n - S i t u  C o m b u s t i o n  
**  GAS CONDENSATE RESERVOIR WITH OI L RIM I SC  PREDICTION CASE - MR = 1 . 2 7 3 5  ME 
♦♦ DOWDIP HORIZONTAL PRODUCER & UPDIP HORIZONTAL I NJECTOR-  IMMISCIBLE DISPLACEMENT. 
♦♦ BASED ON CLAIR/AUSTRALIAN CRUDE TYPE CHEMICAL REACTION KINETICS &
♦♦ NORTH SEA GAS CONDENSATE RESERVOIR PVT COMPOSITION 
** F e a t u r e s :
**  1 )  N i n e - p o i n t  d i s c r e t i z a t i o n  i n  t h e  a r e a l  p l a n e .
♦♦ 2 )  D i s t i n c t  p e r m e a b i l i t y  l a y e r i n g .
♦♦ 3 )  F i v e  h y d r o c a r b o n  c o m p o n e n t s ,  11  p s e u d o - c o m p o n e n t s  i n  t o t a l
♦♦ 4 )  A u t o m a t i c  i n i t i a l  v e r t i c a l  e q u i l i b r i u m  c a l c u l a t i o n .
♦♦ 5 )  M u l t i - l a y e r  w e l l  w i t h  a d d i t i o n a l  i n j e c t i o n  a n d  p r o d u c t i o n
♦♦ o p e r a t i n g  c o n s t r a i n t s .
♦♦ 6 )  F o u r  c h e m i c a l  r e a c t i o n s :
♦♦ ( a )  c r a c k i n g  o f  l i g h t  o i l  t o  c o k e .
* *  ( b )  g a s  b u r n i n g .
♦♦ ( c )  l i g h t  a n d  h e a v y  o i l  b u r n i n g .
♦♦ ( d )  c o k e  b u r n i n g .
♦♦ B u r n i n g  p r o d u c e s  w a t e r  a n d  C0+C02 m i x t u r e .
♦♦ 7 )  C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  o n :  MR = 1 . 2 7 3 5  ME
♦♦ 8 )  H i g h  i n i t i a l  p r e s s u r e  6 0 0 0  p s i a .
♦♦  9 )  S i m u l a t i o n  s t o p s  w h e n  p r o d u c i n g  e n d  r e a c h e s  6 0 0  F .
★  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _    -
** ============== INPUT/OUTPUT CONTROL ======================
f i l e n a m e  o u t p u t  i n d e x - o u t  m a i n - r e s u l t s - o u t  ♦♦ U s e  d e f a u l t  f i l e  n a m e s
* t i t l e l  'GAS CONDENSATE RESERVOIR WITH OIL RIM I SC PREDICTION C A S E . '
♦ T i t l e 2  ' MISC IB LE DISPLACEMENT - PREDICTION CASE'
* t i t l e 3  ' U P DI P  HORIZONTAL PRODUCER - DOWNDIP HORIZONTAL INJECTOR.  '
♦ i n u n i t  ♦ f i e l d  ♦♦ o u t p u t  s a m e  a s  i n p u t  
* o u t p r n  ♦ g r i d  ♦ a l l
*★ ♦ o u t p r n  ♦ g r i d  ♦ p r e s  * s w  * s o  * s g  * t e m p  *y * x  *w * s o l c o n c  
♦ o b h l o s s  ♦ v i s o  
♦ o u t p r n  * w e l l  * a l l
* w r s t  20  ♦ w p r n  * g r i d  3 0 0  * w p r n  ♦ i t e r  3 00  
♦REWIND 1
♦DIM ♦MDPTGL 14
♦♦ ♦RESTART 9 1 4 0  
♦♦ INDEX-IN ' I S C _ H P H I . I R F '
o u t s r f  g r i d  a l l
♦♦ o u t s r f  g r i d  p r e s  s o  s g  t e m p
o u t s r f  s p e c i a l  m a t b a l  w e l l  2 ♦♦ C u m u l a t i v e  l i t e  o i l  p r o d u c e d
m a t b a l  w e l l  3 ♦♦ C u m u l a t i v e  medm o i l  p r o d u c e d
m a t b a l  w e l l  4 ♦♦ C u m u l a t i v e  h e v y  o i l  p r o d u c e d
o b h l o s s  ♦♦ C u m u l a t i v e  h e a t  l o s s
b l k v a r  s g  0 1 ♦♦ T e m p e r a t u r e  i n  b l o c k  ( 1 . 1 . 1 )
b l k v a r  s o  0 23  ♦♦ O i l  s a t u r a t i o n
b l k v a r  p r e s  0 23 ♦♦ P r e s s u r e
♦ PARTCLMLWT 1 3 . 6  ♦♦ COKE ( C H I . 6 )  MOLECULAR WEIGHT I S  1 3 . 6
♦♦ ============== GRID AND RESERVOIR DEFINITION
♦ g r i d  #v a r i  22  9 5
♦ d i  ♦ i v a r  3 8 4 . 8  3 ^ 1 9 2 . 4 1  1 7 ^ 9 6 . 2 1  1 4 4 . 3 2  
♦ d j  ♦ c o n  9 6 . 2 1
♦d k  ♦ k v a r  3 5 . 7  3 5 . 2  3 4 . 8  3 4 . 5  3 4 . 6  
♦♦ ♦ d t o p  ^ i v a r
♦♦ ♦DIP  8 1 . 8  0 . 0
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* d e p t h  * i v a r
8 6 2 0  8 6 0 0  8 5 8 0  8 5 6 0  8 5 4 0  8 5 2 0  8 5 0 0  8 4 8 0  8 4 6 0  8 4 4 0  8 4 2 0  8 4 0 0  
8 3 8 0  8 3 6 0  8 3 4 0  8 3 2 0  8 3 0 0  8 2 8 0  8 2 6 0  8 2 4 0  8 2 2 0  8 2 0 0  
8 3 9 0  8 3 8 0  8 3 7 0  8 3 6 0  8 3 5 0  8 3 4 0  8 3 3 0  8 3 2 0  8 3 1 0  8 3 0 0  8 2 9 0  8 2 8 0  
8 2 7 0  8 2 6 5  8 2 6 0  8 2 5 5  8 2 5 0  8 2 4 0  8 2 3 0  8 2 2 0  8 2 1 0  8 2 0 0
* p o r  * c o n  0 . 1 9 2 6 4
* p e r m i  * k v a r  3 * 1 1 0 0 . 0  2 * 1 3 0 0 . 0
* p e r m j  * e q u a l s i
* p e r m k  * e q u a l s i  /  10
** * p e r m i  * k v a r  3 * 1 0 8 2 - 8 7 2  2 - 6 7 2 * 9 9 7 - 6 9 7 . 6 - 5 9 7  
*END-GRID
* p e r m j  * e q u a l s i  * p e r m k  * e q u a l s i  /  10
* c p o r  6 . 1 2 3 e - 5  
* p r p o r  1 00 0  
* r o c k c p  3 5 . 6
♦ t h c o n r  36  * t h c o n w  36  * t h c o n o  36  * t h c o n g  36
* h l o s s p r o p  o v e r b u r  3 5 . 6  36  u n d e r b u r  3 5 . 6  36
** ============== FLUID DEFI NI TI ONS ======================
** NORTH SEA LIGHT OI L  (BR_5CPVT.XLS)
♦ m o d e l  1 1  10  8 **  N u m be r  o f  n o n c o n d e n s i b l e  g a s e s  i s  n u m y - n u m x  = 2
** N u m b e r  o f  s o l i d  c o m p o n e n t s  i s  n c o m p - n u m y  = 1 
**  N2 & C02 s o l u b l e  i n  t h e  l i q u i d  p e t r o l e u m  p h a s e
** 0 2  & CO o n l y  i n  t h e  g a s  p h a s e  i n s o l u b l e  i n  t h e  l i q u i d  p e t r o l e u m  p h a s e
♦ c o mp n am e ' H 2 0 '  ' C 2 1 + ' ' C l l - 2 0 ' ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4 ' ' C 0 2 ' ’ N 2 ' 0 2 ' ' CO '  'COKE'
*cmm
* p c r i t
* t c r i t
18  3 6 1 . 5 2
3 1 5 5  3 5 7 . 8 6
7 0 5 . 7  1 0 6 6 . 2 4
1 8 3 . 0 0
2 9 9 . 8 0
7 5 0 . 5 6
1 0 5 . 5 9
3 8 3 . 0 8
5 3 6 . 2 6
4 0 . 5 2  1 6 . 0 4 3  4 4 . 0 1  2 8 . 0 1 3  32 2 8 . 0 1
6 4 5 . 6 2  6 6 7 . 2  1 0 7 1 . 0  4 9 2 . 3 1  7 3 0  5 0 7 . 5
1 6 8 . 2 9  - 1 1 6 . 5 9  8 7 . 5 6  - 2 3 2 . 5 1  - 1 8 1 . 7 2  - 2 2 0 . 7 8
* a v g  0
* b v g  0
♦c omp n a me  
* *
* a v i s c
* b v i s c




* c t l  
* *
3 . 9 2 6 e - 6  3 . 8 7 6 e - 6  3 . 1 5 6 e  
1 . 1 0 2  1 . 0 5 6  1 . 0 0 5  0
'H20' 'C21+'
■6 2 . 1 6 6 e - 6 2 . 1 2 7 e - 4  2 . 1 9 6 0 e - 4  2 . 1 9 6 0 e - 4  2 . 1 9 6 0 e - 4  2 . 1 9 6 0 e - 4  
943  0 . 7 2 1  0 . 7 2 1  0 . 7 2 1  0 . 7 0 2  0 . 7 0 2





H 2 0 '
0 . 1 3 2 6 8 3  
1 4 7 8 . 3 2  
0 . 0 4 8 1  
3 . 9 e - 6
0 . 1 3 2 8 2 3  0 . 1 5 2 2 9 6  0 . 1 9 0 2 4 8  0 . 1 3 7 8 4 9  
1 2 9 5 . 3 2  8 5 2 . 6 6  4 7 8 . 5 1  2 0 5 . 4 5
0 . 1 3 0 9  0 . 2 0 0 0  0 . 2 0 2 4
4 e - 6  4 . 5 e - 6  5 e - 6
’C 2 1 + ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 ' ' C H 4 '
0 . 4 0 2 4  
6 . 5 e - 6  
' C 0 2 '
0 . 0 4 4 1 2 6  
1 0 4 0 . 5 4  
0 . 6 6 2 3  
7 e - 6  
' N 2 '
0 . 1 4 1 2 6 9  
1 6 2 . 5 4  
0 . 6 9 4 4  
7 . 5 e - 6  
' 0 2 '  ' CO '
LBMOLE/FT3
' COKE'
1 . 4 e - 4 1 . 4 9 6 e - 4  1 . 9 5 8 e - 4  2 . 5 2 7 e - 4  2 . 6 4 9 e - 4  2 . 8 3 9 e - 4  2 . 8 3 9 e - 4
** CHEMICAL REACTION 1 - C r a c k i n g :  C21+ - >  CH4 + C o k e
♦ c omp na me  ' H 2 0 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4 ' ' C 0 2 ‘ 
*  ★
♦ s t o r e a c  0 1 0 0 0
♦ s t o p r o d  0 0 0 0 0
' N 2 '
** C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  o n :  
♦ f r e q f a c  1 . 2 7 3 5 e 5  * e a c t  3 8 0 0 0  * r e n t h  0 
** * f r e q f a c  1 . 0 e 5  * e a c t  3 8 0 0 0  * r e n t h  0
** * f r e q f a c  2 . 1 e 5  * e a c t  2 5 0 0 0  * r e n t h  0
+ *  -----------------------------------------------------------------------------------------------------------------------------------
** CHEMICAL REACTION 2 - C r a c k i n g :  C21+ - >
♦ co mp na me  ' H 2 0 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2
**         _____
* s t o r e ; a c  0 1 0  0 0
♦ s t o p r o d  0 0 0 0 4 . 0 4 5 8
** C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  o n :  
♦ f r e q f a c  0 . 8 9 1 e 5  * e a c t  3 9 0 0 0  * r e n t h  0 
** * f r e q f a c  0 . 7 e 5  * e a c t  3 9 0 0 0  * r e n t h  0
** * f r e q f a c  2 . 1 e 5  * e a c t  2 5 0 0 0  * r e n t h  0
0 0
4 . 9 7 5  0
MR = 1 . 2 7 3 5  ME
C2 - C5  + C o k e  
•5 '  ' CH4 ' ' C 0 2 ' ' N 2 '
0 0
0 0
MR = 1 . 2 7 3 5  ME
’0 2 '  ' C O '  'COKE'
0 0 
0 2 0 . 7 2 9 1
’0 2 '  ' C O '  'COKE'
0 0 
0 1 4 . 5 2 6 7
** CHEMICAL REACTION 3 - C r a c k i n g :  C 1 0 - C 2 0  - >  CH4 + C o k e
♦ c omp na me  ' H 2 0 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4 ' ' C 0 2 '  ' N 2 '  ' 0 2 '
**                 ____
♦ s t o r e a c  0 0 1 0 0  0 0 0 0
♦ s t o p r o d  0 0 0 0 0 2 . 9 2 6 8  0 0 0
’CO'  'COKE'
0 1 0 . 0 1 2 7
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**  C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  o n :  MR = 1 . 2 7 3 5  ME
* f r e q f a c  0 . 5 e 5  * e a c t  4 5 0 0 0  * r e n t h  0
** * f r e q f a c  0 . 6 3 7 e 5  * e a c t  4 5 0 0 0  * r e n t h  0
**  * f r e q f a c  2 . 0 e 5  * e a c t  2 7 0 0 0  * r e n t h  0
*  *  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
** CHEMICAL REACTION 4 -  H e a v y  O i l  B u r n i n g :  C21+ + 0 2  - >  H20 + CO + e n e r g y
♦ c o m p n a m e  ' H 2 0 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4 ' ' C 0 2 '  ' N 2 '  ' 0 2 '  ' C O '  'COKE'
**                 ____
♦ s t o r e a c  0 1 0 0  0 0 0 0  2 6 . 1 1 8 7  0 0
* s t o p r o d  2 6 . 5 3 3 2  0 0 0  0 0  0 0 0  2 5 . 7 0 4 1  0
* *  C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  o n :  MR = 1 . 2 7 3 5  ME
* f r e q f a c  3 . 8 4 6 e l 0  * e a c t  1 2 4 0 0  * r e n t h  1 0 2 9 3 . 9  
* *  * f r e q f a c  3 . 8 4 6 e l 0  * e a c t  1 3 5 0 0  * r e n t h  1 0 2 9 3 . 9
** * f r e q f a c  3 . 0 2 0 e l 0  * e a c t  1 3 5 0 0  * r e n t h  1 0 2 9 3 . 9
**  *RTEMLOWR 7 9 0 . 0  
**  *RTEMUPR 7 9 0 . 1
* *  --------------------------------------------------------------------------------------------------------------------------------------------------
** CHEMICAL REACTION 5 -  Me d i um O i l  B u r n i n g :  C 1 0 - C 2 0  + 0 2  - >  H20 + CO + e n e r g y
* compnar ne  ' H 2 0 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4 ' ' C 0 2 '  ' N 2 '  ' 0 2 '  ' C O '  'COKE'
**                     ____
* s t o r e a c  0 0  1 0 0  0 0 0  1 3 . 4 0 1 6  0 0
* s t o p r o d  1 3 . 8 6 3 7  0 0  0 0 0 0 0  0 1 2 . 9 3 9 5  0
**  C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  o n :  MR = 1 . 2 7 3 5  ME
* f r e q f a c  3 . 8 4 6 e l 0  * e a c t  1 4 1 0 0  * r e n t h  4 9 2 0 . 3  
**  * f r e q f a c  3 . 8 4 6 e l 0  * e a c t  1 5 5 0 0  * r e n t h  4 9 2 0 . 3
** * f r e q f a c  3 . 0 2 0 e l 0  * e a c t  1 5 5 0 0  * r e n t h  4 9 2 0 . 3
** *RTEMLOWR 7 9 0 . 0  
**  *RTEMUPR 7 9 0 . 1
*  *  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
** CHEMICAL REACTION 6 -  L i g h t  O i l  B u r n i n g :  C6 -C9  + 0 2  - >  H20 + CO + e n e r g y
* c o m p n a m e  ' H 2 0 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4 ' ' C 0 2 '  ' N 2 '  ' 0 2 '  ' C O '  'COKE'
**                     ____
* s t o r e a c  0 0 0 1  0 0 0 0  7 . 8 9 8 2  0 0
* s t o p r o d  8 . 3 9 6 5  0 0 0 0 0 0 0 0 7 . 4 0  0
** C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  o n :  MR = 1 . 2 7 3  5 ME
* f r e q f a c  3 . 8 4 6 e l 0  * e a c t  1 4 2 0 0  * r e n t h  2 4 2 0 . 2  
**  * f r e q f a c  3 . 8 4 6 e l 0  * e a c t  1 5 5 0 0  * r e n t h  2 4 2 0 . 2
*★ * f r e q f a c  3 . 0 2 0 e l 0  * e a c t  1 5 5 0 0  * r e n t h  2 4 2 0 . 2
** *RTEMLOWR 7 9 0 . 0  
* *  *RTEMUPR 7 9 0 . 1
* * -----------------------------------------------------------------------------------------------------------
** CHEMICAL REACTION 7 -  H y d r o c a r b o n  G a s  B u r n i n g :  C 2 - C 5  + 0 2  - >  H20 + CO + e n e r g y
♦ c o m pn a m e  ' H 2 0 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4 ' ' C 0 2 '  ' N 2 '  ' 0 2 '  ' C O '  'COKE'
**                   ____
* s t o r e a c  0 0 0 0  1 0  0 0  3 . 2 2 4 2  0 0
* s t o p r o d  3 . 6 8 5 7 6  0 0 0  0 0  0 0 0  2 . 7 6 2 7  0
** C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  o n :  MR = 1 . 2 7 3 5  ME
* f r e q f a c  3 . 8 4 6 e l 0  * e a c t  1 5 0 0 0  * r e n t h  1 4 6 3 . 4
** * f r e q f a c  3 . 0 2 0 e l 0  * e a c t  1 5 0 0 0  * r e n t h  1 4 6 3 . 4
** *RTEMLOWR 7 9 0 . 0
** *RTEMUPR 7 9 0 . 1
*  *  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
** CHEMICAL REACTION 8 -  C o k e  B u r n i n g :  C o k e  + 0 2  - >  H20 + C0 2  + e n e r g y
♦ c om pn a m e  ' H 2 0 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4 ' ' C 0 2 '  ' N 2 '  ' 0 2 '  ' C O '  'COKE'
* *
♦ s t o r e a c  0 0 0 
* s t o p r o d  0 . 8 0  0 
* f r e q f a c  3 . 0 e 5  * e a c t  5 5 0 0  
** *RTEMLOWR 7 9 0 . 0  
**  *RTEMUPR 7 9 0 . 1
0 0 
0 0 









** CHEMICAL REACTION 9 - G a s  b u r n i n g :  CH4 
♦ c o mp n a m e  ' H 2 0 " C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 -  
★ ★
+ 2 02  - >  
5 '  ' CH4 '
2H20 + C02 
' C 0 2 ' ' N 2 '
+ e n e r g y  
' 0 2 '  ' C O ' 'COKE'
♦ s t o r e a c  0 0 0 











** C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  o n :  MR = 1 . 2 7 3 5  ME
* f r e q f a c  3 . 8 4 6 e l 0  * e a c t  1 5 0 0 0  * r e n t h  1 4 6 3 . 4
** * f r e q f a c  3 . 0 2 0 e l 0  * e a c t  5 9 4 5 0  * r e n t h  5 0 2 . 5 3 3  * *  R e a c t i o n  E n t h a l p y
** *RTEMLOWR 7 9 0 . 0
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** *RTEMUPR 7 9 0 . 1
*  *  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
** CHEMICAL REACTION 1 0  - C a r b o n  M o n o x i d e  b u r n i n g :  CO + 0 . 5  0 2  - >  C02  + e n e r g y
* c o m p n a m e  ' H 2 0 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4 ' ' C 0 2 '  ' N 2 '  ' 0 2 '  ' C O '  ' COKE'
* s t o r e a c  0 0 0 0 0 0 0 0 0 . 5 1  0
♦ s t o p r o d  0 0  0 0 0 0 1 0  0 0 0
** C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  o n :  MR = 1 . 2 7 3 5  ME
* f r e q f a c  1 . 9 1 e 5  * e a c t  3 2 5 0  * r e n t h  2 . 8 3 8 E 5
** * f r e q f a c  1 . 5 e 5  * e a c t  3 2 5 0  * r e n t h  2 . 8 3 8 E 5
** *RTEMLOWR 7 9 0 . 0
** *RTEMUPR 7 9 0 . 1
* *
* s o l d e n  4 . 4
** P s e u d o c o m p o n e n t  K v a l u e  t a b l e s  f o r  p r e s s u r e s  5 00  p s i  & 6 5 0 0  p s i  1 0 0  F t o  1 3 0 0  F b e  1 0 0  d e g  
i n t e r v a l s
** * k v t a b l i m  5 0 0  6 5 0 0  1 0 0  1 3 0 0
* k v t a b l i m  5 0 0 .  3 2 5 0  1 0 0 .  1 3 0 0 .
**  l o w / h i g h  p r e s s u r e ;  l o w / h i g h  t e m p e r a t u r e
* k v t a b l e  2 **  K v a l u e  t a b l e  f o r  C21+
1 . 4 9 1 E - 0 5  9 . 9 4 1 E - 0 6  7 . 4 5 6 E - 0 6  5 . 9 6 5 E - 0 6  4 . 9 7 1 E - 0 6  4 . 2 6 0 E - 0 6  3 . 7 2 8 E - 0 6  3 . 3 1 4 E - 0 6
2 . 9 8 2 E - 0 6  2 . 7 1 1 E - 0 6  2 . 4 8 5 E - 0 6  2 . 2 9 4 E - 0 6
1 . 9 3 1 E - 0 4  1 . 2 8 7 E - 0 4  9 . 6 5 5 E - 0 5  7 . 7 2 4 E - 0 5  6 . 4 3 6 E - 0 5  5 . 5 1 7 E - 0 5  4 . 8 2 7 E - 0 5  4 . 2 9 1 E - 0 5
3 . 8 6 2 E - 0 5  3 . 5 1 1 E - 0 5  3 . 2 1 8 E - 0 5  2 . 9 7 1 E - 0 5
1 . 2 7 4 E - 0 3  8 . 4 9 6 E - 0 4  6 . 3 7 2 E - 0 4  5 . 0 9 8 E - 0 4  4 . 2 4 8 E - 0 4  3 . 6 4 1 E - 0 4  3 . 1 8 6 E - 0 4  2 . 8 3 2 E - 0 4
2 . 5 4 9 E - 0 4  2 . 3 1 7 E - 0 4  2 . 1 2 4 E - 0 4  1 . 9 6 1 E - 0 4
5 . 4 2 3 E - 0 3  3 . 6 1 5 E - 0 3  2 . 7 1 2 E - 0 3  2 . 1 6 9 E - 0 3  1 . 8 0 8 E - 0 3  1 . 5 4 9 E - 0 3  1 . 3 5 6 E - 0 3  1 . 2 0 5 E - 0 3
1 . 0 8 5 E - 0 3  9 . 8 6 0 E - 0 4  9 . 0 3 9 E - 0 4  8 . 3 4 3 E - 0 4
1 . 7 0 7 E - 02 1 . 1 3 8 E - 0 2  8 . 5 3 4 E - 0 3  6 . 8 2 7 E - 0 3  5 . 6 8 9 E - 0 3  4 . 8 7 7 E - 0 3  4 . 2 6 7 E - 0 3  3 . 7 9 3 E - 0 3
3 . 4 1 4 E - 03 3 . 1 0 3 E - 0 3  2 . 8 4 5 E - 0 3  2 . 6 2 6 E - 0 3
4 . 3 2 7 E - 0 2  2 . 8 8 4 E - 0 2  2 . 1 6 3 E - 0 2  1 . 7 3 1 E - 0 2  1 . 4 4 2 E - 0 2  1 . 2 3 6 E - 0 2  1 . 0 8 2 E - 0 2  9 . 6 1 5 E - 0 3
8 . 6 5 3 E - 0 3  7 . 8 6 7 E - 0 3  7 . 2 1 1 E - 0 3  6 . 6 5 6 E - 0 3
9 . 3 4 3 E - 0 2  6 . 2 2 8 E - 0 2  4 . 6 7 1 E - 0 2  3 . 7 3 7 E - 0 2  3 . 1 1 4 E - 0 2  2 . 6 6 9 E - 0 2  2 . 3 3 6 E - 0 2
1 . 8 6 9 E - 0 2  1 . 6 9 9 E - 0 2  1 . 5 5 7 E - 0 2  1 . 4 3 7 E - 0 2
1 . 7 8 5 E - 0 1  1 . 1 9 0 E - 0 1  8 . 9 2 7 E - 0 2  7 . 1 4 2 E - 0 2  5 . 9 5 1 E - 0 2  5 . 1 0 1 E - 0 2  4 . 4 6 3 E - 0 2
3 . 5 7 1 E - 0 2  3 . 2 4 6 E - 0 2  2 . 9 7 6 E - 0 2  2 . 7 4 7 E - 0 2
3 . 1 0 2 E - 0 1  2 . 0 6 8 E - 0 1  1 . 5 5 1 E - 0 1  1 . 2 4 1 E - 0 1  1 . 0 3 4 E - 0 1  8 . 8 6 2 E - 0 2  7 . 7 5 5 E - 0 2
6 . 2 0 4 E - 0 2  5 . 6 4 0 E - 0 2  5 . 1 7 0 E - 0 2  4 . 7 7 2 E - 0 2
4 . 9 9 6 E - 0 1  3 . 3 3 1 E - 0 1  2 . 4 9 8 E - 0 1  1 . 9 9 9 E - 0 1  1 . 6 6 5 E - 0 1  1 . 4 2 8 E - 0 1  1 . 2 4 9 E - 0 1  1 . 1 1 0 E - 0 1
9 . 9 9 3 E - 0 2  9 . 0 8 4 E - 0 2  8 . 3 2 7 E - 0 2  7 . 6 8 7 E - 0 2
7 . 5 7 1 E - 0 1  5 . 0 4 7 E - 0 1  3 . 7 8 5 E - 0 1  3 . 0 2 8 E - 0 1  2 . 5 2 4 E - 0 1  2 . 1 6 3 E - 0 1  1 . 8 9 3 E - 0 1  1 . 6 8 2 E - 0 1
1 . 5 1 4 E - 0 1  1 . 3 7 7 E - 0 1  1 . 2 6 2 E - 0 1  1 . 1 6 5 E - 0 1
1 . 0 9 1 1 6  0 . 7 2 7 4 4  5 . 4 5 6 E - 0 1  4 . 3 6 5 E - 0 1  3 . 6 3 7 E - 0 1  3 . 1 1 8 E - 0 1  2 . 7 2 8 E - 0 1  2 . 4 2 5 E - 0 1
2 . 1 8 2 E - 0 1  1 . 9 8 4 E - 0 1  1 . 8 1 9 E - 0 1  1 . 6 7 9 E - 0 1
1 . 5 0 8 6 7  1 . 0 0 5 7 8  0 . 7 5 4 3 4  6 . 0 3 5 E - 0 1  5 . 0 2 9 E - 0 1  4 . 3 1 0 E - 0 1  3 . 7 7 2 E - 0 1  3 . 3 5 3 E - 0 1
3 . 0 1 7 E - 0 1  2 . 7 4 3 E - 0 1  2 . 5 1 4 E - 0 1  2 . 3 2 1 E - 0 1
2 . 0 7 6 E - 0 2
3 . 9 6 8 E - 0 2
6 . 8 9 3 E - 0 2
* k v t a b l e  3 **  K v a l u e  t a b l e  f o r  C 1 1 - C 2 0
6 . 0 0 3 E - 0 4  4 . 0 0 2 E - 0 4  3 . 0 0 1 E - 0 4  2 . 4 0 1 E - 0 4  2 . 0 0 1 E - 0 4  1 . 7 1 5 E - 0 4  1 . 5 0 1 E - 0 4  1 . 3 3 4 E - 0 4
1 . 2 0 1 E - 0 4  1 . 0 9 1 E - 0 4  1 . 0 0 0 E - 0 4  9 . 2 3 5 E - 0 5
3 . 9 3 5 E - 0 3  2 . 6 2 3 E - 0 3  1 . 9 6 7 E - 0 3  1 . 5 7 4 E - 0 3  1 . 3 1 2 E - 0 3  1 . 1 2 4 E - 0 3  9 . 8 3 7 E - 0 4  8 . 7 4 4 E - 0 4
7 . 8 7 0 E - 0 4  7 . 1 5 4 E - 0 4  6 . 5 5 8 E - 0 4  6 . 0 5 4 E - 0 4
1 . 5 7 3 E - 0 2  1 . 0 4 8 E - 0 2  7 . 8 6 3 E - 0 3  6 . 2 9 1 E - 0 3  5 . 2 4 2 E - 0 3  4 . 4 9 3 E - 0 3  3 . 9 3 2 E - 0 3  3 . 4 9 5 E - 0 3
3 . 1 4 5 E - 0 3  2 . 8 5 9 E - 0 3  2 . 6 2 1 E - 0 3  2 . 4 1 9 E - 0 3
4 . 5 5 4 E - 0 2  3 . 0 3 6 E - 0 2  2 . 2 7 7 E - 0 2  1 . 8 2 2 E - 0 2  1 . 5 1 8 E - 0 2  1 . 3 0 1 E - 0 2  1 . 1 3 9 E - 0 2  1 . 0 1 2 E - 0 2
9 . 1 0 8 E - 0 3  8 . 2 8 0 E - 0 3  7 . 5 9 0 E - 0 3  7 . 0 0 6 E - 0 3
1 . 0 5 7 E - 0 1  7 . 0 4 5 E - 0 2  5 . 2 8 4 E - 0 2  4 . 2 2 7 E - 0 2  3 . 5 2 2 E - 0 2  3 . 0 1 9 E - 0 2  2 . 6 4 2 E - 0 2  2 . 3 4 8 E - 0 2
2 . 1 1 3 E - 0 2  1 . 9 2 1 E - 0 2  1 . 7 6 1 E - 0 2  1 . 6 2 6 E - 0 2
2 . 0 9 2 E - 0 1  1 . 3 9 5 E - 0 1  1 . 0 4 6 E - 0 1  8 . 3 6 8 E - 0 2  6 . 9 7 3 E - 0 2  5 . 9 7 7 E - 0 2  5 . 2 3 0 E - 0 2  4 . 6 4 9 E - 0 2
4 . 1 8 4 E - 0 2  3 . 8 0 4 E - 0 2  3 . 4 8 7 E - 0 2  3 . 2 1 8 E - 0 2
3 . 6 8 1 E - 0 1  2 . 4 5 4 E - 0 1  1 . 8 4 1 E - 0 1  1 . 4 7 3 E - 0 1  1 . 2 2 7 E - 0 1  1 . 0 5 2 E - 0 1  9 . 2 0 3 E - 0 2  8 . 1 8 1 E - 0 2
7 . 3 6 3 E - 0 2  6 . 6 9 3 E - 0 2  6 . 1 3 5 E - 0 2  5 . 6 6 4 E - 0 2
5 . 9 2 2 E - 0 1  3 . 9 4 8 E - 0 1  2 . 9 6 1 E - 0 1  2 . 3 6 9 E - 0 1  1 . 9 7 4 E - 0 1  1 . 6 9 2 E - 0 1  1 . 4 8 1 E - 0 1  1 . 3 1 6 E - 0 1
1 . 1 8 4 E - 0 1  1 . 0 7 7 E - 0 1  9 . 8 7 1 E - 0 2  9 . 1 1 1 E - 0 2
0 . 8 8 8 4 2  5 . 9 2 3 E - 0 1  4 . 4 4 2 E - 0 1  3 . 5 5 4 E - 0 1  2 . 9 6 1 E - 0 1  2 . 5 3 8 E - 0 1  2 . 2 2 1 E - 0 1  1 . 9 7 4 E - 0 1
1 . 7 7 7 E - 0 1  1 . 6 1 5 E - 0 1  1 . 4 8 1 E - 0 1  1 . 3 6 7 E - 0 1
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1 . 2 6 0 7 2  0 . 8 4 0 4 8  0 . 6 3 0 3 6  0 . 5 0 4 2 9  4 . 2 0 2 E - 0 1  3 . 6 0 2 E - 0 1  3 . 1 5 2 E - 0 1
2 . 5 2 1 E - 0 1  2 . 2 9 2 E - 0 1  2 . 1 0 1 E - 0 1  1 . 9 4 0 E - 0 1
1 . 7 1 0 5 3  1 . 1 4 0 3 5  0 . 8 5 5 2 6  0 . 6 8 4 2 1  0 . 5 7 0 1 8  0 . 4 8 8 7 2  0 . 4 2 7 6 3
0 . 3 4 2 1 1  0 . 3 1 1 0 0  0 . 2 8 5 0 9  2 . 6 3 2 E - 0 1
2 . 2 3 7 E + 0 0  1 . 4 9 1 3 7  1 . 1 1 8 5 3  0 . 8 9 4 8 2  0 . 7 4 5 6 8  0 . 6 3 9 1 6  0 . 5 5 9 2 6
0 . 4 4 7 4 1  0 . 4 0 6 7 4  0 . 3 7 2 8 4  0 . 3 4 4 1 6
2 . 8 3 8 E + 0 0  1 . 8 9 2 E + 0 0  1 . 4 1 9 E + 0 0  1 . 1 3 5 1 1  0 . 9 4 5 9 3  0 . 8 1 0 7 9  0 . 7 0 9 4 5
0 . 5 6 7 5 6  0 . 5 1 5 9 6  0 . 4 7 2 9 6  0 . 4 3 6 5 8
* k v t a b l e  4 **  K v a l u e  t a b l e  f o r  C 6 - 1 0
1 . 0 3 6 5 E - 0 2  6 . 9 1 0 3 E - 0 3  5 . 1 8 2 7 E - 0 3  4 . 1 4 6 2 E - 0 3  3 . 4 5 5 2 E - 0 3  2 . 9 6 1 6 E - 0 3  2 . 5 9 1 4 E - 0 3
2 . 0 7 3 1 E - 0 3  1 . 8 8 4 6 E - 0 3  1 . 7 2 7 6 E - 0 3  1 . 5 9 4 7 E - 0 3
0 . 0 4 5 6 5 9  0 . 0 3 0 4 3 9  0 . 0 2 2 8 2 9  0 . 0 1 8 2 6 4  0 . 0 1 5 2 2 0  0 . 0 1 3 0 4 5  0 . 0 1 1 4 1 5
0 . 0 0 9 1 3 2  0 . 0 0 8 3 0 2  0 . 0 0 7 6 1 0  0 . 0 0 7 0 2 4
0 . 1 3 6 1 4 6  0 . 0 9 0 7 6 4  0 . 0 6 8 0 7 3  0 . 0 5 4 4 5 8  0 . 0 4 5 3 8 2  0 . 0 3 8 8 9 9  0 . 0 3 4 0 3 6
0 . 0 2 7 2 2 9  0 . 0 2 4 7 5 4  0 . 0 2 2 6 9 1  0 . 0 2 0 9 4 6
0 . 3 1 4 8 7 6  0 . 2 0 9 9 1 7  0 . 1 5 7 4 3 8  0 . 1 2 5 9 5 0  0 . 1 0 4 9 5 9  0 . 0 8 9 9 6 5  0 . 0 7 8 7 1 9
0 . 0 6 2 9 7 5  0 . 0 5 7 2 5 0  0 . 0 5 2 4 7 9  0 . 0 4 8 4 4 2
0 . 6 1 1 5 2 4  0 . 4 0 7 6 8 3  0 . 3 0 5 7 6 2  0 . 2 4 4 6 1 0  0 . 2 0 3 8 4 1  0 . 1 7 4 7 2 1  0 . 1 5 2 8 8 1
0 . 1 2 2 3 0 5  0 . 1 1 1 1 8 6  0 . 1 0 1 9 2 1  0 . 0 9 4 0 8 1
1 . 0 4 7 8 4 2  0 . 6 9 8 5 6 2  0 . 5 2 3 9 2 1  0 . 4 1 9 1 3 7  0 . 3 4 9 2 8 1  0 . 2 9 9 3 8 4  0 . 2 6 1 9 6 1
0 . 2 0 9 5 6 8  0 . 1 9 0 5 1 7  0 . 1 7 4 6 4 0  0 . 1 6 1 2 0 7
1 . 6 3 6 3  1 . 0 9 0 8  0 . 8 1 8 1  0 . 6 5 4 5  0 . 5 4 5 4  0 . 4 6 7 5  0 . 4 0 9 1
0 . 3 2 7 3  0 . 2 9 7 5  0 . 2 7 2 7  0 . 2 5 1 7
2 . 3 8 0 6  1 . 5 8 7 1  1 . 1 9 0 3  0 . 9 5 2 2  0 . 7 9 3 5  0 . 6 8 0 2  0 . 5 9 5 2
0 . 4 7 6 1  0 . 4 3 2 8  0 . 3 9 6 8  0 . 3 6 6 2
3 . 2 7 7 8  2 . 1 8 5 2  1 . 6 3 8 9  1 . 3 1 1 1  1 . 0 9 2 6  0 . 9 3 6 5  0 . 8 1 9 4
0 . 6 5 5 6  0 . 5 9 6 0  0 . 5 4 6 3  0 . 5 0 4 3
4 . 3 1 9 6  2 . 8 7 9 7  2 . 1 5 9 8  1 . 7 2 7 8  1 . 4 3 9 9  1 . 2 3 4 2  1 . 0 7 9 9
0 . 8 6 3 9  0 . 7 8 5 4  0 . 7 1 9 9  0 . 6 6 4 5
5 . 4 9 4 6  3 . 6 6 3 1  2 . 7 4 7 3  2 . 1 9 7 8  1 . 8 3 1 5  1 . 5 6 9 9  1 . 3 7 3 6
1 . 0 9 8 9  0 . 9 9 9 0  0 . 9 1 5 8  0 . 8 4 5 3
6 . 7 8 9 5  4 . 5 2 6 4  3 . 3 9 4 8  2 . 7 1 5 8  2 . 2 6 3 2  1 . 9 3 9 9  1 . 6 9 7 4
1 . 3 5 7 9  1 . 2 3 4 5  1 . 1 3 1 6  1 . 0 4 4 5
8 . 1 9 0 3  5 . 4 6 0 2  4 . 0 9 5 2  3 . 2 7 6 1  2 . 7 3 0 1  2 . 3 4 0 1  2 . 0 4 7 6
1 . 6 3 8 1  1 . 4 8 9 2  1 . 3 6 5 1  1 . 2 6 0 1
* k v t a b l e  5 **  K v a l u e  t a b l e  f o r  C 2 - 5
1 . 0 3 6 5 E - 0 2  6 . 9 1 0 3 E - 0 3  5 . 1 8 2 7 E - 0 3  4 . 1 4 6 2 E - 0 3  3 . 4 5 5 2 E - 0 3  2 . 9 6 1 6 E - 0 3  2 . 5 9 1 4 E - 0 3
2 . 0 7 3 1 E - 03 1 . 8 8 4 6 E - 0 3  1 . 7 2 7 6 E - 0 3  1 . 5 9 4 7 E - 0 3
0 . 0 4 5 6 5 9  0 . 0 3 0 4 3 9  0 . 0 2 2 8 2 9  0 . 0 1 8 2 6 4  0 . 0 1 5 2 2 0  0 . 0 1 3 0 4 5  0 . 0 1 1 4 1 5
0 . 0 0 9 1 3 2  0 . 0 0 8 3 0 2  0 . 0 0 7 6 1 0  0 . 0 0 7 0 2 4
0 . 1 3 6 1 4 6  0 . 0 9 0 7 6 4  0 . 0 6 8 0 7 3  0 . 0 5 4 4 5 8  0 . 0 4 5 3 8 2  0 . 0 3 8 8 9 9  0 . 0 3 4 0 3 6
0 . 0 2 7 2 2 9  0 . 0 2 4 7 5 4  0 . 0 2 2 6 9 1  0 . 0 2 0 9 4 6
0 . 3 1 4 8 7 6  0 . 2 0 9 9 1 7  0 . 1 5 7 4 3 8  0 . 1 2 5 9 5 0  0 . 1 0 4 9 5 9  0 . 0 8 9 9 6 5  0 . 0 7 8 7 1 9
0 . 0 6 2 9 7 5  0 . 0 5 7 2 5 0  0 . 0 5 2 4 7 9  0 . 0 4 8 4 4 2
0 . 6 1 1 5 2 4  0 . 4 0 7 6 8 3  0 . 3 0 5 7 6 2  0 . 2 4 4 6 1 0  0 . 2 0 3 8 4 1  0 . 1 7 4 7 2 1  0 . 1 5 2 8 8 1
0 . 1 2 2 3 0 5  0 . 1 1 1 1 8 6  0 . 1 0 1 9 2 1  0 . 0 9 4 0 8 1
1 . 0 4 7 8 4 2  0 . 6 9 8 5 6 2  0 . 5 2 3 9 2 1  0 . 4 1 9 1 3 7  0 . 3 4 9 2 8 1  0 . 2 9 9 3 8 4  0 . 2 6 1 9 6 1
0 . 2 0 9 5 6 8  0 . 1 9 0 5 1 7  0 . 1 7 4 6 4 0  0 . 1 6 1 2 0 7
1 . 6 3 6 3  1 . 0 9 0 8  0 . 8 1 8 1  0 . 6 5 4 5  0 . 5 4 5 4  0 . 4 6 7 5  0 . 4 0 9 1
0 . 3 2 7 3  0 . 2 9 7 5  0 . 2 7 2 7  0 . 2 5 1 7
2 . 3 8 0 6  1 . 5 8 7 1  1 . 1 9 0 3  0 . 9 5 2 2  0 . 7 9 3 5  0 . 6 8 0 2  0 . 5 9 5 2
0 . 4 7 6 1  0 . 4 3 2 8  0 . 3 9 6 8  0 . 3 6 6 2
3 . 2 7 7 8  2 . 1 8 5 2  1 . 6 3 8 9  1 . 3 1 1 1  1 . 0 9 2 6  0 . 9 3 6 5  0 . 8 1 9 4
0 . 6 5 5 6  0 . 5 9 6 0  0 . 5 4 6 3  0 . 5 0 4 3
4 . 3 1 9 6  2 . 8 7 9 7  2 . 1 5 9 8  1 . 7 2 7 8  1 . 4 3 9 9  1 . 2 3 4 2  1 . 0 7 9 9
0 . 8 6 3 9  0 . 7 8 5 4  0 . 7 1 9 9  0 . 6 6 4 5
5 . 4 9 4 6  3 . 6 6 3 1  2 . 7 4 7 3  2 . 1 9 7 8  1 . 8 3 1 5  1 . 5 6 9 9  1 . 3 7 3 6
1 . 0 9 8 9  0 . 9 9 9 0  0 . 9 1 5 8  0 . 8 4 5 3
6 . 7 8 9 5  4 . 5 2 6 4  3 . 3 9 4 8  2 . 7 1 5 8  2 . 2 6 3 2  1 . 9 3 9 9  1 . 6 9 7 4
1 . 3 5 7 9  1 . 2 3 4 5  1 . 1 3 1 6  1 . 0 4 4 5
8 . 1 9 0 3  5 . 4 6 0 2  4 . 0 9 5 2  3 . 2 7 6 1  2 . 7 3 0 1  2 . 3 4 0 1  2 . 0 4 7 6
1 . 6 3 8 1  1 . 4 8 9 2  1 . 3 6 5 1  1 . 2 6 0 1
* k v t a b l e  6 **  K v a l u e  t a b l e  f o r  CH4
1 0 . 8 8 6 5  7 . 2 5 7 7  5 . 4 4 3 2  4 . 3 5 4 6  3 . 6 2 8 8  3 . 1 1 0 4  2 . 7 2 1 6  2 . 4 1 9 2  2 . 1 7 7 3  1 . 9 7 9 4  1 .  
1 8 . 0 1 4 4  1 2 . 0 0 9 6  9 . 0 0 7 2  7 . 2 0 5 8  6 . 0 0 4 8  5 . 1 4 7 0  4 . 5 0 3 6  4 . 0 0 3 2  3 . 6 0 2 9  3 . 2 7 5 4  3
2 6 . 1 0 9 2  1 7 . 4 0 6 1  1 3 . 0 5 4 6  1 0 . 4 4 3 7  8 . 7 0 3 1  7 . 4 5 9 8  6 . 5 2 7 3  5 . 8 0 2 0  5 . 2 2 1 8  4 . 7 4 7 1
3 4 . 7 1 2 3  2 3 . 1 4 1 5  1 7 . 3 5 6 1  1 3 . 8 8 4 9  1 1 . 5 7 0 8  9 . 9 1 7 8  8 . 6 7 8 1  7 . 7 1 3 8  6 . 9 4 2 5  6 . 3 1 1 3
2 .8 0 2 E - 0 1
0 . 3 8 0 1 2
0 . 4 9 7 1 2
0 . 6 3 0 6 2
2 . 3 0 3 4 E - 0 3
0 . 0 1 0 1 4 6
0 . 0 3 0 2 5 5
0 . 0 6 9 9 7 2
0 . 1 3 5 8 9 4
0 . 2 3 2 8 5 4
0 . 3 6 3 6
0 . 5 2 9 0
0 . 7 2 8 4
0 . 9 5 9 9
1 . 2 2 1 0
1 . 5 0 8 8  
1 . 8 2 0 1
2 . 3 0 3 4 E - 0 3
0 . 0 1 0 1 4 6
0 . 0 3 0 2 5 5
0 . 0 6 9 9 7 2
0 . 1 3 5 8 9 4
0 . 2 3 2 8 5 4
0 . 3 6 3 6
0 . 5 2 9 0
0 . 7 2 8 4
0 . 9 5 9 9
1 . 2 2 1 0
1 . 5 0 8 8  
1 . 8 2 0 1
8 1 4 4  1 . 6 7 4 8
. 0 0 2 4  2 . 7 7 1 5
4 . 3 5 1 5  4 . 0 1 6 8
5 . 7 8 5 4  5 . 3 4 0 4
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4 3 . 4 9 1 5  2 8 . 9 9 4 3  2 1 . 7 4 5 8  1 7 . 3 9 6 6  1 4 . 4 9 7 2  1 2 . 4 2 6 1  1 0 . 8 7 2 9  9 . 6 6 4 8  8 . 6 9 8 3  7 . 9 0 7 5  7 . 2 4 8 6
6 . 6 9 1 0
5 2 . 2 2 1 6  3 4 . 8 1 4 4  2 6 . 1 1 0 8  2 0 . 8 8 8 6  1 7 . 4 0 7 2  1 4 . 9 2 0 5  1 3 . 0 5 5 4  1 1 . 6 0 4 8  1 0 . 4 4 4 3  9 . 4 9 4 8  8 . 7 0 3 6
8 . 0 3 4 1
6 0 . 7 5 7 3  4 0 . 5 0 4 9  3 0 . 3 7 8 6  2 4 . 3 0 2 9  2 0 . 2 5 2 4  1 7 . 3 5 9 2  1 5 . 1 8 9 3  1 3 . 5 0 1 6  1 2 . 1 5 1 5  1 1 . 0 4 6 8  1 0 . 1 2 6 2
9 . 3 4 7 3
6 9 . 0 0 9 7  4 6 . 0 0 6 5  3 4 . 5 0 4 9  2 7 . 6 0 3 9  2 3 . 0 0 3 2  1 9 . 7 1 7 1  1 7 . 2 5 2 4  1 5 . 3 3 5 5  1 3 . 8 0 1 9  1 2 . 5 4 7 2  1 1 . 5 0 1 6
1 0 . 6 1 6 9
7 6 . 9 2 8 6  5 1 . 2 8 5 8  3 8 . 4 6 4 3  3 0 . 7 7 1 5  2 5 . 6 4 2 9  2 1 . 9 7 9 6  1 9 . 2 3 2 2  1 7 . 0 9 5 3  1 5 . 3 8 5 7  1 3 . 9 8 7 0  1 2 . 8 2 1 4
1 1 . 8 3 5 2
8 4 . 4 8 9 6  5 6 . 3 2 6 4  4 2 . 2 4 4 8  3 3 . 7 9 5 8  2 8 . 1 6 3 2  2 4 . 1 3 9 9  2 1 . 1 2 2 4  1 8 . 7 7 5 5  1 6 . 8 9 7 9  1 5 . 3 6 1 7  1 4 . 0 8 1 6
1 2 . 9 9 8 4
9 1 . 6 8 5 0  6 1 . 1 2 3 4  4 5 . 8 4 2 5  3 6 . 6 7 4 0  3 0 . 5 6 1 7  2 6 . 1 9 5 7  2 2 . 9 2 1 3  2 0 . 3 7 4 5  1 8 . 3 3 7 0  1 6 . 6 7 0 0  1 5 . 2 8 0 8
1 4 . 1 0 5 4
9 8 . 5 1 8 3  6 5 . 6 7 8 9  4 9 . 2 5 9 2  3 9 . 4 0 7 3  3 2 . 8 3 9 4  2 8 . 1 4 8 1  2 4 . 6 2 9 6  2 1 . 8 9 3 0  1 9 . 7 0 3 7  1 7 . 9 1 2 4  1 6 . 4 1 9 7
1 5 . 1 5 6 7
1 0 4 . 9 9 9 7  6 9 . 9 9 9 8  5 2 . 4 9 9 9  4 1 . 9 9 9 9  3 4 . 9 9 9 9  2 9 . 9 9 9 9  2 6 . 2 4 9 9  2 3 . 3 3 3 3  2 0 . 9 9 9 9  1 9 . 0 9 0 9  1 7 . 5 0 0 0
1 6 . 1 5 3 8
* k v t a b l e  7 **  K v a l u e  t a b l e  f o r  C02
2 . 4 9 1 4  1 . 6 6 0 9  1 . 2 4 5 7  0 . 9 9 6 6  0 . 8 3 0 5  0 . 7 1 1 8  0 . 6 2 2 9  0 . 5 5 3 6  0 . 4 9 8 3  0 . 4 5 3 0  0 . 4 1 5 2  0 . 3 8 3 3
6 . 8 2 4 9  4 . 5 5 0 0  3 . 4 1 2 5  2 . 7 3 0 0  2 . 2 7 5 0  1 . 9 5 0 0  1 . 7 0 6 2  1 . 5 1 6 7  1 . 3 6 5 0  1 . 2 4 0 9  1 . 1 3 7 5  1 . 0 5 0 0
1 4 . 3 4 1 1  9 . 5 6 0 7  7 . 1 7 0 5  5 . 7 3 6 4  4 . 7 8 0 4  4 . 0 9 7 5  3 . 5 8 5 3  3 . 1 8 6 9  2 . 8 6 8 2  2 . 6 0 7 5  2 . 3 9 0 2  2 . 2 0 6 3
2 5 . 3 5 5 3  1 6 . 9 0 3 5  1 2 . 6 7 7 6  1 0 . 1 4 2 1  8 . 4 5 1 8  7 . 2 4 4 4  6 . 3 3 8 8  5 . 6 3 4 5  5 . 0 7 1 1  4 . 6 1 0 1  4 . 2 2 5 9  3 . 9 0 0 8
3 9 . 8 1 0 3  2 6 . 5 4 0 2  1 9 . 9 0 5 2  1 5 . 9 2 4 1  1 3 . 2 7 0 1  1 1 . 3 7 4 4  9 . 9 5 2 6  8 . 8 4 6 7  7 . 9 6 2 1  7 . 2 3 8 2  6 . 6 3 5 1  6 . 1 2 4 7
5 7 . 4 0 5 7  3 8 . 2 7 0 5  2 8 . 7 0 2 9  2 2 . 9 6 2 3  1 9 . 1 3 5 2  1 6 . 4 0 1 6  1 4 . 3 5 1 4  1 2 . 7 5 6 8  1 1 . 4 8 1 1  1 0 . 4 3 7 4  9 . 5 6 7 6
8 . 8 3 1 7
7 7 . 7 1 5 6  5 1 . 8 1 0 4  3 8 . 8 5 7 8  3 1 . 0 8 6 2  2 5 . 9 0 5 2  2 2 . 2 0 4 5  1 9 . 4 2 8 9  1 7 . 2 7 0 1  1 5 . 5 4 3 1  1 4 . 1 3 0 1  1 2 . 9 5 2 6
1 1 . 9 5 6 2
1 0 0 . 2 7 2 0  6 6 . 8 4 8 0  5 0 . 1 3 6 0  4 0 . 1 0 8 8  3 3 . 4 2 4 0  2 8 . 6 4 9 1  2 5 . 0 6 8 0  2 2 . 2 8 2 7  2 0 . 0 5 4 4  1 8 . 2 3 1 3  1 6 . 7 1 2 0
1 5 . 4 2 6 5
1 2 4 . 6 1 6 6  8 3 . 0 7 7 7  6 2 . 3 0 8 3  4 9 . 8 4 6 6  4 1 . 5 3 8 9  3 5 . 6 0 4 7  3 1 . 1 5 4 1  2 7 . 6 9 2 6  2 4 . 9 2 3 3  2 2 . 6 5 7 6  2 0 . 7 6 9 4
1 9 . 1 7 1 8
1 5 0 . 3 2 8 4  1 0 0 . 2 1 8 9  7 5 . 1 6 4 2  6 0 . 1 3 1 4  5 0 . 1 0 9 5  4 2 . 9 5 1 0  3 7 . 5 8 2 1  3 3 . 4 0 6 3  3 0 . 0 6 5 7  2 7 . 3 3 2 4  2 5 . 0 5 4 7
2 3 . 1 2 7 4
1 7 7 . 0 3 6 2  1 1 8 . 0 2 4 1  8 8 . 5 1 8 1  7 0 . 8 1 4 5  5 9 . 0 1 2 1  5 0 . 5 8 1 8  4 4 . 2 5 9 0  3 9 . 3 4 1 4  3 5 . 4 0 7 2  3 2 . 1 8 8 4  2 9 . 5 0 6 0
2 7 . 2 3 6 3
2 0 4 . 4 2 1 4  1 3 6 . 2 8 0 9  1 0 2 . 2 1 0 7  8 1 . 7 6 8 5  6 8 . 1 4 0 5  5 8 . 4 0 6 1  5 1 . 1 0 5 3  4 5 . 4 2 7 0  4 0 . 8 8 4 3  3 7 . 1 6 7 5  3 4 . 0 7 0 2
3 1 . 4 4 9 4
2 3 2 . 2 1 6 1  1 5 4 . 8 1 0 7  1 1 6 . 1 0 8 0  9 2 . 8 8 6 4  7 7 . 4 0 5 4  6 6 . 3 4 7 5  5 8 . 0 5 4 0  5 1 . 6 0 3 6  4 6 . 4 4 3 2  4 2 . 2 2 1 1  3 8 . 7 0 2 7
3 5 . 7 2 5 6
♦ k v t a b l e  8 ** K v a l u e  t a b l e  f o r  N2
2 7 . 0 1 8 8  1 8 . 0 1 2 5  1 3 . 5 0 9 4  1 0 . 8 0 7 5  9 . 0 0 6 3  7 . 7 1 9 7  6 . 7 5 4 7  6 . 0 0 4 2  5 . 4 0 3 8  4 . 9 1 2 5  4 . 5 0 3 1  4 . 1 5 6 7
3 8 . 0 4 8 3  2 5 . 3 6 5 5  1 9 . 0 2 4 1  1 5 . 2 1 9 3  1 2 . 6 8 2 8  1 0 . 8 7 0 9  9 . 5 1 2 1  8 . 4 5 5 2  7 . 6 0 9 7  6 . 9 1 7 9  6 . 3 4 1 4  5 . 8 5 3 6
4 8 . 9 6 4 5  3 2 . 6 4 3 0  2 4 . 4 8 2 2  1 9 . 5 8 5 8  1 6 . 3 2 1 5  1 3 . 9 8 9 8  1 2 . 2 4 1 1  1 0 . 8 8 1 0  9 . 7 9 2 9  8 . 9 0 2 6  8 . 1 6 0 7
7 . 5 3 3 0
5 9 . 4 2 2 5  3 9 . 6 1 5 0  2 9 . 7 1 1 3  2 3 . 7 6 9 0  1 9 . 8 0 7 5  1 6 . 9 7 7 9  1 4 . 8 5 5 6  1 3 . 2 0 5 0  1 1 . 8 8 4 5  1 0 . 8 0 4 1  9 . 9 0 3 8
9 . 1 4 1 9
6 9 . 2 6 3 8  4 6 . 1 7 5 9  3 4 . 6 3 1 9  2 7 . 7 0 5 5  2 3 . 0 8 7 9  1 9 . 7 8 9 7  1 7 . 3 1 6 0  1 5 . 3 9 2 0  1 3 . 8 5 2 8  1 2 . 5 9 3 4  1 1 . 5 4 4 0
1 0 . 6 5 6 0
7 8 . 4 3 4 0  5 2 . 2 8 9 3  3 9 . 2 1 7 0  3 1 . 3 7 3 6  2 6 . 1 4 4 7  2 2 . 4 0 9 7  1 9 . 6 0 8 5  1 7 . 4 2 9 8  1 5 . 6 8 6 8  1 4 . 2 6 0 7  1 3 . 0 7 2 3
1 2 . 0 6 6 8
8 6 . 9 3 4 5  5 7 . 9 5 6 3  4 3 . 4 6 7 2  3 4 . 7 7 3 8  2 8 . 9 7 8 2  2 4 . 8 3 8 4  2 1 . 7 3 3 6  1 9 . 3 1 8 8  1 7 . 3 8 6 9  1 5 . 8 0 6 3  1 4 . 4 8 9 1
1 3 . 3 7 4 5
9 4 . 7 9 5 2  6 3 . 1 9 6 8  4 7 . 3 9 7 6  3 7 . 9 1 8 1  3 1 . 5 9 8 4  2 7 . 0 8 4 3  2 3 . 6 9 8 8  2 1 . 0 6 5 6  1 8 . 9 5 9 0  1 7 . 2 3 5 5  1 5 . 7 9 9 2
1 4 . 5 8 3 9
1 0 2 . 0 5 9 2  6 8 . 0 3 9 5  5 1 . 0 2 9 6  4 0 . 8 2 3 7  3 4 . 0 1 9 7  2 9 . 1 5 9 8  2 5 . 5 1 4 8  2 2 . 6 7 9 8  2 0 . 4 1 1 8  1 8 . 5 5 6 2  1 7 . 0 0 9 9
1 5 . 7 0 1 4
1 0 8 . 7 7 4 1  7 2 . 5 1 6 1  5 4 . 3 8 7 1  4 3 . 5 0 9 7  3 6 . 2 5 8 0  3 1 . 0 7 8 3  2 7 . 1 9 3 5  2 4 . 1 7 2 0  2 1 . 7 5 4 8  1 9 . 7 7 7 1  1 8 . 1 2 9 0
1 6 . 7 3 4 5
1 1 4 . 9 8 7 6  7 6 . 6 5 8 4  5 7 . 4 9 3 8  4 5 . 9 9 5 1  3 8 . 3 2 9 2  3 2 . 8 5 3 6  2 8 . 7 4 6 9  2 5 . 5 5 2 8  2 2 . 9 9 7 5  2 0 . 9 0 6 8  1 9 . 1 6 4 6
1 7 . 6 9 0 4
1 2 0 . 7 4 5 2  8 0 . 4 9 6 8  6 0 . 3 7 2 6  4 8 . 2 9 8 1  4 0 . 2 4 8 4  3 4 . 4 9 8 6  3 0 . 1 8 6 3  2 6 . 8 3 2 3  2 4 . 1 4 9 0  2 1 . 9 5 3 7  2 0 . 1 2 4 2
1 8 . 5 7 6 2
1 2 6 . 0 8 9 1  8 4 . 0 5 9 4  6 3 . 0 4 4 5  5 0 . 4 3 5 6  4 2 . 0 2 9 7  3 6 . 0 2 5 4  3 1 . 5 2 2 3  2 8 . 0 1 9 8  2 5 . 2 1 7 8  2 2 . 9 2 5 3  2 1 . 0 1 4 8
1 9 . 3 9 8 3
** R e f e r e n c e  c o n d i t i o n s
* p r s r  1 4 . 7  * t e m r  60 * p s u r f  1 4 . 7  * t s u r f  60
** PRSR 6 0 0 . 0  **  r e f e r e n c e  p r e s s u r e .  c o r r e s p o n d i n g  t o  t h e  d e n s i t y
** TEMR 1 7 5 . 0  **  r e f e r e n c e  t e m p e r a t u r e ,  c o r r e s p o n d i n g  t o  t h e  d e n s i t y
** PSURF 1 4 . 7  **  p r e s s u r e  a t  s u r f a c e .  f o r  r e p o r t i n g  w e l l  r a t e s ,  e t c .
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♦♦ TSURF 6 2 . 3  ♦♦ t e m p e r a t u r e  a t  s u r f a c e ,  f o r  r e p o r t i n g  w e l l  r a t e s ,  e t c .
♦♦ ============== ROCK-FLUID PROPERTIES ======================
♦ r o c k f l u i d
♦ s w t  ♦♦ W a t e r - o i l r e l a t i v e  p e r m e a b i l i t i e s
♦♦ S i w  = S w i r  = 0 . 2 4 S o r w  = 0 . 3 S o r g  = 0 . 1  S g c  = 1
♦♦ K r o i w  = 0 . 4 K r w r o  = 0 . 1 K r g r o  = 0 . 2
♦♦ Sw Krw Kr ow
0 . 2 4 0 0 . 4
0 . 2 8 1 8 1 8 0 . 0 0 0 2 4 9 0 . 3 3 0 5 7 9
0 . 3 2 3 6 3 6 0 . 0 0 1 4 1 0 . 2 6 7 7 6 9
0 . 3 6 5 4 5 5 0 . 0 0 3 8 8 4 0 . 2 1 1 5 7
0 . 4 0 7 2 7 3 0 . 0 0 7 9 7 4 0 . 1 6 1 9 8 3
0 . 4 4 9 0 9 1 0 . 0 1 3 9 3 0 . 1 1 9 0 0 8
0 . 4 9 0 9 0 9 0 . 0 2 1 9 7 3 0 . 0 8 2 6 4 5
0 . 5 3 2 7 2 7 0 . 0 3 2 3 0 5 0 . 0 5 2 8 9 3
0 . 5 7 4 5 4 5 0 . 0 4 5 1 0 7 0 . 0 2 9 7 5 2
0 . 6 1 6 3 6 4 0 . 0 6 0 5 5 1 0 . 0 1 3 2 2 3
0 . 6 5 8 1 8 2 0 . 0 7 8 7 9 9 0 . 0 0 3 3 0 6
0 . 7 0 . 1 0
♦ s i t  ♦♦ L i q u i d - g a s  r e l a t i v e  p e r m e a b i l i t i e s
♦♦SL  K r g  K r o g
0 . 2 4 0 . 2 0
0 . 3 4 0 . 1 5 8 7 1 2 0
0 . 3 7 7 5 0 . 1 4 4 0 6 8 0 . 0 0 0 6 4 6
0 . 4 1 5 0 . 1 2 9 9 0 4 0 . 0 0 5 1 6 5
0 . 4 5 2 5 0 . 1 1 6 2 3 7 0 . 0 1 1 6 2 2
0 . 4 9 0 . 1 0 3 0 8 6 0 . 0 2 0 6 6 1
0 . 5 2 7 5 0 . 0 9 0 4 7 3 0 . 0 3 2 2 8 3
0 . 5 6 5 0 . 0 7 8 4 2 1 0 . 0 4 6 4 8 8
0 . 6 0 2 5 0 . 0 6 6 9 5 7 0 . 0 6 3 2 7 5
0 . 6 4 0 . 0 5 6 1 1 3 0 . 0 8 2 6 4 5
0 . 6 7 7 5 0 . 0 4 5 9 2 8 0 . 1 0 4 5 9 7
0 . 7 1 5 0 . 0 3 6 4 4 7 0 . 1 2 9 1 3 2
0 . 7 5 2 5 0 . 0 2 7 7 2 6 0 . 1 5 6 2 5
0 . 7 9 0 . 0 1 9 8 3 9 0 . 1 8 5 9 5
0 . 8 2 7 5 0 . 0 1 2 8 8 6 0 . 2 1 8 2 3 3
0 . 8 6 5 0 . 0 0 7 0 1 4 0 . 2 5 3 0 9 9
0 . 9 0 2 5 0 . 0 0 2 4 8 0 . 2 9 0 5 4 8
0 . 9 4 0. 0 . 3 3 0 5 7 9
1 0. 0 . 4
* *  = = = = =  
♦ i n i t i a l
I NI T I A L  CONDITIONS ====================
♦♦ A u t o m a t i c  s t a t i c  v e r t i c a l  e q u i l i b r i u m -  v e r t i c a l - o n  -  r e f p r e s = 7 5  p s i  r e f e r e n c e  p r e s s u r e  
♦♦ p s t e p = 3  v e r t i c a l  e q u i l i b r i u m  i s  d o n e  w i t h  3 t i m e s t e p s  w i t h  z e r o  s o u r c e s  a n d  s i n k s ,  
♦ v e r t i c a l  ♦ o n  ♦ p s t e p  75 ♦ r e f p r e s  6 0 0 0  ♦ r e f d e p t h  8 2 0 5  ♦ r e f b l o c k  1 1 1
♦SW ♦ c o n  0 . 3 5 ♦♦ S o = 0 . 0 1  b y  d i f f e r e n c e ,  s i n c e  S g  = 0 . 6 4  
♦SW ♦ i v a r
0 . 9 9 9  0 . 6 7 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  
0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  
♦♦ ♦SG ♦ c o n  0 . 6 4  ♦♦ i n i t i a l  g a s  s a t u r a t i o n  i s  0 . 5 4
♦SG ♦ i v a r
0 . 0  0 . 0  0 . 0  0 . 0  0 . 2 7  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  
0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4




' H 2 0 '  ' C 2 1 + '
4
' C 6 - 9 '
♦♦ ♦ m o l e f r a c  ♦ g a s  ♦ c o n  
* *
5
' C 2 - 5 '
0 . 0 0 0 1
6 7
' C H4 ' ' C 0 2 '
0 . 9 9 9 9  0 . 0
' C 1 0 - 2 0 '
4 ^ 0 . 0
I n i t i a l  p e t r o l e u m  p h a s e  f r a c t i o n  a r e : C 2 1 + = 0 . 3 5 8 7 5 5 4 8  C l l - 2 0 = 0 . 3 7 3 6 0 9 0 6
C 6 - 1 0 = 0 . 1 9 2 9 3 2 9 2  C l - 5
8 9
'N2' '02'
0. 0  0. 0
10 11 
' C O '  'COKE'  
0 . 0
= 0 . 0 7 4 7 0 2 5 5
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♦ m o l e f r a c  * o i l  ♦ c o n
1 2  3 4 5 6 7 8 9  10
' H 2 0 '  ' C 2 1 + ' ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' C H4 ' ' C 0 2 '  ' N 2 '  ' 0 2 '  ' C O '
0 . 0  0 . 1 3 9 9  0 . 1 6 0 5  0 . 0 6 0 4 7  0 . 2 3 9 1  0 . 2 2 9  0 . 0  0 . 0
♦♦ = = == = = = = ------------  NUMERICAL CONTROL =================: ---------
♦ n u m e r i c a l  ♦♦  A l l  t h e s e  c a n  b e  d e f a u l t e d .  T h e  d e f i n i t i o n s  
♦♦ h e r e  m a t c h  t h e  p r e v i o u s  d a t a .
♦DTMAX 0 . 2 5  
♦♦ ♦DTMAX . 0 1  
♦♦ ♦DTMAX 0 . 2 5  
**  *DTMAX 1 . 5
♦ m a x s t e p s  7 3 0 0 0  * n o r t h  10  ♦ n e w t o n c y c  29  * i t e r m a x  12 0  
♦ u n r e l a x  - 1  * p i v o t  ♦ on  ♦ p v t o s c m a x  15
♦ n o r m  p r e s s  2 8 0  s a t u r  0 . 3 9  t e m p  2 5 0
♦ c o n v e r g e
♦ p r e s s  4 . 3 5  
♦ s a t u r  0 . 0 4 9  
♦ t e m p  1 . 7 9  
♦ y  0 . 0 9
♦ x  0 . 0 9
♦w 0 . 0 9
♦ z o  0 . 0 4
♦ z n c g  0 . 0 4  
♦ z a q  0 . 5  
♦ w e l l r e s  1 
♦ m a t b a l t o l  1
♦ r u n
♦♦ = == == ========= RECURRENT d a t a  = =====================
♦♦ P r o j e c t  s t a r t s  o n  z e r o  t i m e  a n d  d t w e l .  t h e  s t a r t i n g  t i m e  s t e p  s i z e  i s  0 . 1  d a y s
t i m e  0 d t w e l l  . 0 0 0 1  
* *
WELL 1 'DOWNDIP INJECTOR'
* *
GEOMETRY ♦K 0 . 3 7 5
INJECTOR m o b w e i g h t  1 
OPERATE MAX g a s  6 5 0 0 0 0 0 0 .  
OPERATE MAX b h p  6 8 0 0 .
OPERATE MAX b h p  
2
' C 2 1 + '  
6^ 0.
- 1 0  0 0
* * ____
* *  1
♦ ♦  ' H 2 0 '
INCOMP GAS
TINJOV 2 50  
♦♦ g e o m e t r y  
PERF GEO 1 




6 9 0 0 .
3
' C l l - 2 0 '
RAD
0 . 2 4 9
GEOFAC WFRAC SKIN
1 . 0 0. 0
f f
1
♦♦ Maximum G a s  I n j e c t i o n  R a t e  15  - 4 . 5MMSCFD 
♦♦ Maximum I n j e c t i o n  B H P r e s s u r e  6 9 0 0  - 6 7 0 0  p s i  
♦♦ Maximum I n j e c t i o n  B H P r e s s u r e  6 9 0 0  - 6 7 0 0  p s i  
4 5 6 7 8 9 10
' C 6 - 1 0 '  ' C l - 5 '  ' C 0 2 ' ' N 2 ' ' 0 2 '  ' C O '  'COKE'
0 0 . 7 9  0 . 2 1  0 . 0  
♦♦ A i r  i n j e c t i o n  21% 0 2  & 79% N2 
♦♦ I n j e c t i o n  G a s  T e m p e r a t u r e  3 00  o F  
♦♦ U s e  t u b e - e n d  o p t i o n
i r  j r  k r  w i  = 0 . 0 0 7 0 8 2 ^ k ^ h / l n ( 0 . 5 # r e / r w )
0 . 3 7 5




OPERATE MAX l i q u i d  2 3 0 0  
OPERATE MIN b h p  5 5 0 0  
♦♦ OPERATE MIN b h p  5 1 0 0  







♦♦ o  o  o  o  o
RAD GEOFAC WFRAC SKIN
0 . 2 4 9  1 . 0  0 . 0
♦♦ Maximum L i q u i d  R a t e  2 0 0 0  -  1 6 0 0  B/ D 
♦♦ Mi n i mu m BHP 5 5 0 0  - 5 9 0 0  p s i  
♦♦ Mi ni mum BHP 5 5 0 0  - 5 9 0 0  p s i  
♦♦  Maximum WOR=9: l  o r  w a t e r - c u t  90%
i r  j r  k r  w i  = 0 . 0 0 7 0 8 2 ^ k ^ h / l n ( 0 . 5 ^ r e / r w )
TIME 0 . 0 0 0 0 1
TIME 1 . 0
TIME 3 1 . 0
o u t s r f  g r i d  p r e s  sw s o  s g  t e m p  y  x  w s o l c o n c  o b h l o s s
' COKE'
"Numerical Simulation of In-Situ Combustion Processes in High Pressure Light and Medium Petroleum Reservoirs."

















S t o p
m a s d e n w  m a s d e n o  m a s d e n g  p c o w  p c o g  v i s w  v i s o  v i s g  
k r w  k r o  k r g  k v a l y w  k v a l y x  c mp de n w c m p d e n o  c m p v i s w  
c m p v i s o  c m p v i s g  c c h l o s s
9 0 . 0
1 1 5 . 0
1 8 2 . 6 2 5
o u t s r f  g r i d  p r e s  sw s o  s g  t e m p  y  x  w s o l c o n c  o b h l o s s
m a s d e n w  m a s d e n o  m a s d e n g  p c o w  p c o g  v i s w  v i s o  v i s g  
k r w  k r o  k r g  k v a l y w  k v a l y x  c mp d e n w c m p d e n o  c m p v i s w  
c m p v i s o  c m p v i s g  c c h l o s s
3 6 5 . 2 5
o u t s r f  g r i d  p r e s  s w  s o  s g  t e m p  y  x  w s o l c o n c  o b h l o s s
m a s d e n w  m a s d e n o  m a s d e n g  p c o w  p c o g  v i s w  v i s o  v i s g  
k r w  k r o  k r g  k v a l y w  k v a l y x  c mp d en w c m p d e n o  c m p v i s w  
c m p v i s o  c m p v i s g  c c h l o s s
5 4 7 . 8 7 5
7 3 0 . 5 0
o u t s r f  g r i d  p r e s  sw s o  s g  t e m p  y  x  w s o l c o n c  o b h l o s s
m a s d e n w  m a s d e n o  m a s d e n g  p c o w  p c o g  v i s w  v i s o  v i s g  
k r w  k r o  k r g  k v a l y w  k v a l y x  c mp de n w c m p d e n o  c m p v i s w  
c m p v i s o  c m p v i s g  c c h l o s s
9 1 3 . 1 2 5
1 0 9 5 . 7 5
1 4 6 1 .
o u t s r f  g r i d  p r e s  s w  s o  s g  t e m p  y  x  w s o l c o n c  o b h l o s s
m a s d e n w  m a s d e n o  m a s d e n g  p c o w  p c o g  v i s w  v i s o  v i s g  
k r w  k r o  k r g  k v a l y w  k v a l y x  c mp d e n w  c m p d e n o  c m p v i s w  
c m p v i s o  c m p v i s g  c c h l o s s
1 8 2 6 . 2 5
2 1 9 1 . 5
2 5 5 6 . 7 5
2 9 2 2 .
o u t s r f  g r i d  p r e s  sw  s o  s g  t e m p  y  x  w s o l c o n c  o b h l o s s
m a s d e n w  m a s d e n o  m a s d e n g  p c o w  p c o g  v i s w  v i s o  v i s g  
k r w  k r o  k r g  k v a l y w  k v a l y x  c mp d e n w  c m p d e n o  c m p v i s w  
c m p v i s o  c m p v i s g  c c h l o s s
3 2 8 7 . 2 5
o u t s r f  g r i d  p r e s  sw  s o  s g  t e m p  y  x  w s o l c o n c  o b h l o s s
m a s d e n w  m a s d e n o  m a s d e n g  p c o w  p c o g  v i s w  v i s o  v i s g  
k r w  k r o  k r g  k v a l y w  k v a l y x  c m pd e n w c m p d e n o  c m p v i s w  
c m p v i s o  c m p v i s g  c c h l o s s
3 6 5 0
o u t s r f  g r i d  p r e s  sw  s o  s g  t e m p  y  x  w s o l c o n c  o b h l o s s
m a s d e n w  m a s d e n o  m a s d e n g  p c o w  p c o g  v i s w  v i s o  v i s g  
k r w  k r o  k r g  k v a l y w  k v a l y x  cmp de n w c m p d e n o  c m p v i s w  
c m p v i s o  c m p v i s g  c c h l o s s
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♦♦ CONDENSATE BASE CASE DEPLETION PREDICTION CASE- UPDIP HP-  DOWNDIP H I .
**  HORIZONTAL PRODUCER DOWNDIP (HP)  —  HORIZONTAL INJECTOR UPDIP ( H I ) .
**  =======================COND_BC_HPHI . DAT==================
★ ★              ------------------------
** T h i s  i s  STARS d a t a  s e t  f o r  C o n d e n s a t e  F i e l d  S c a l e  I n - S i t u  C o m b u s t i o n
♦♦ GAS CONDENSATE RESERVOIR WITH OIL RIM BASE CASE PREDICTION CASE - MR = 1 . 2 7 3 5  ME
♦♦ DOWDIP HORIZONTAL PRODUCER & UPDIP HORIZONTAL I NJECTOR-  MISCIBLE DISPLACEMENT.
**  BASED ON CLAIR/AUSTRALIAN CRUDE TYPE CHEMICAL REACTION KINETICS &
** NORTH SEA GAS CONDENSATE RESERVOIR PVT COMPOSITION 
♦♦ F e a t u r e s :
♦♦ 1 )  N i n e - p o i n t  d i s c r e t i z a t i o n  i n  t h e  a r e a l  p l a n e .
♦♦ 2 )  D i s t i n c t  p e r m e a b i l i t y  l a y e r i n g .
♦♦ 3 )  F i v e  h y d r o c a r b o n  c o m p o n e n t s ,  1 1  p s e u d o - c o m p o n e n t s  i n  t o t a l
**  4 )  A u t o m a t i c  i n i t i a l  v e r t i c a l  e q u i l i b r i u m  c a l c u l a t i o n .
♦♦ 5 )  M u l t i - l a y e r  w e l l  w i t h  a d d i t i o n a l  i n j e c t i o n  a n d  p r o d u c t i o n
**  o p e r a t i n g  c o n s t r a i n t s .
♦♦ 6 )  F o u r  c h e m i c a l  r e a c t i o n s :
♦♦ ( a )  c r a c k i n g  o f  l i g h t  o i l  t o  c o k e .
**  ( b )  g a s  b u r n i n g .
♦♦ ( c )  l i g h t  a n d  h e a v y  o i l  b u r n i n g .
♦♦ ( d )  c o k e  b u r n i n g .
♦♦ B u r n i n g  p r o d u c e s  w a t e r  a n d  C0+C02 m i x t u r e .
♦♦ 7 )  C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  o n :  MR = 1 . 2 7 3 5  ME 
♦♦ 8 )  H i g h  i n i t i a l  p r e s s u r e  6 0 0 0  p s i a .
♦♦ 9 )  S i m u l a t i o n  s t o p s  w h e n  p r o d u c i n g  e n d  r e a c h e s  6 0 0  F .
*  * -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
** ============== INPUT/OUTPUT CONTROL ======================
f i l e n a m e  o u t p u t  i n d e x - o u t  m a i n - r e s u l t s - o u t  ** U s e  d e f a u l t  f i l e  n a m e s
* t i t l e l  'GAS CONDENSATE RESERVOIR WITH OI L RIM BASE CASE DEPLETION PREDICTION C A S E . '  
♦ T i t l e 2  ' UP DI P  HORIZONTAL PRODUCER - '
♦ t i t l e 3  'DOWNDIP HORIZONTAL INJECTOR-  PREDICTION CASE. '
* i n u n i t  ♦ f i e l d  **  o u t p u t  s a m e  a s  i n p u t  
♦ o u t p r n  * g r i d  * a l l
**  ♦ o u t p r n  * g r i d  * p r e s  * sw ♦ s o  ♦ s g  * t e m p  *y  ♦x  *w ♦ s o l c o n c  
♦ o b h l o s s  ♦ v i s o  
♦ o u t p r n  ♦ w e l l  ♦ a l l
♦ w r s t  20  ^ w p r n  #g r i d  3 00  ^ w p r n  ♦ i t e r  30 0  
♦REWIND 1
♦DIM ♦MDPTGL 14
♦♦ ♦RESTART 9 1 4 0  
♦♦ I NDEX-IN ' I S C _ H P H I . I R F '
o u t s r f  g r i d  a l l
♦♦ o u t s r f  g r i d  p r e s  s o  s g  t e m p
o u t s r f  s p e c i a l  m a t b a l  w e l l  2 ♦♦ C u m u l a t i v e  l i t e  o i l  p r o d u c e d
m a t b a l  w e l l  3 ♦♦ C u m u l a t i v e  medm o i l  p r o d u c e d
m a t b a l  w e l l  4 ♦♦ C u m u l a t i v e  h e v y  o i l  p r o d u c e d
o b h l o s s  ♦♦ C u m u l a t i v e  h e a t  l o s s
b l k v a r  s g  0 1 ♦♦ T e m p e r a t u r e  i n  b l o c k  ( 1 . 1 . 1 )
b l k v a r  s o  0 23 ♦♦ O i l  s a t u r a t i o n
b l k v a r  p r e s  0 23 ♦♦ P r e s s u r e
♦PARTCLMLWT 1 3 . 6  ♦♦ COKE ( C H I . 6)  MOLECULAR WEIGHT I S  1 3 . 6
♦♦ — --------======== GRID AND RESERVOIR DEFINITION
♦ g r i d  ♦ v a r i  22  9 5
♦ d i  ♦ i v a r  3 8 4 . 8  3 ^ 1 9 2 . 4 1  1 7 ^ 9 6 . 2 1  1 4 4 . 3 2  
♦ d j  ♦ c o n  9 6 . 2 1
♦ d k  ♦ k v a r  3 5 . 7  3 5 . 2  3 4 . 8  3 4 . 5  3 4 . 6  
♦♦ ♦ d t o p  ♦ i v a r
♦♦ ♦ DI P  8 1 . 8  0 . 0
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♦ d e p t h  ♦ i v a r
8 6 2 0  8 6 0 0  8 5 8 0  8 5 6 0  8 5 4 0  8 5 2 0  8 5 0 0  8 4 8 0  8 4 6 0  8 4 4 0  8 4 2 0  8 4 0 0  
8 3 8 0  8 3 6 0  8 3 4 0  8 3 2 0  8 3 0 0  8 2 8 0  8 2 6 0  8 2 4 0  8 2 2 0  8 2 0 0  
♦♦  8 3 9 0  8 3 8 0  8 3 7 0  8 3 6 0  8 3 5 0  8 3 4 0  8 3 3 0  8 3 2 0  8 3 1 0  8 3 0 0  8 2 9 0  8 2 8 0
♦♦ 8 2 7 0  8 2 6 5  8 2 6 0  8 2 5 5  8 2 5 0  8 2 4 0  8 2 3 0  8 2 2 0  8 2 1 0  8 2 0 0
♦ p o r  ♦ c o n  0 . 1 9 2 6 4
♦ p e r m i  ♦ k v a r  3 ^ 1 1 0 0 . 0  2 ^ 1 3 0 0 . 0
♦ p e r m j  ♦ e q u a l s i
♦ p e r m k  ♦ e q u a l s i  /  10
♦♦  ♦ p e r m i  ♦ k v a r  3 ^ 1 0 8 2 - 8 7 2  2 - 6 7 2 + 9 9 7 - 6 9 7 . 6 - 5 9 7  ♦ p e r m j  ♦ e q u a l s i  ♦ p e r m k  ♦ e q u a l s i  /  10  
♦END-GRID
♦ c p o r  6 . 1 2 3 e - 5  
♦ p r p o r  1 0 0 0  
♦ r o c k c p  3 5 . 6
♦ t h c o n r  36  ♦ t h c o n w  36 ♦ t h c o n o  36 ♦ t h c o n g  36 
♦ h l o s s p r o p  o v e r b u r  3 5 . 6  36  u n d e r b u r  3 5 . 6  36
♦♦ == == == == == -------- FLUID DEFI NI TI ONS ======================
♦♦ NORTH SEA LIGHT OIL (BR_5CPVT.XLS)
♦ m o d e l  1 1  1 0  8 ♦♦ N u m be r  o f  n o n c o n d e n s i b l e  g a s e s  i s  n u m y - n u m x  = 2
♦♦ N u mb er  o f  s o l i d  c o m p o n e n t s  i s  n c o m p - n u m y  = 1 
♦♦ N2 & C02 s o l u b l e  i n  t h e  l i q u i d  p e t r o l e u m  p h a s e  
♦♦  0 2  & CO o n l y  i n  t h e  g a s  p h a s e  i n s o l u b l e  i n  t h e  l i q u i d  p e t r o l e u m  p h a s e
♦ c o m pn a m e  ' H 2 0 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' C H4 ' ' C 0 2 '  ' N 2 '  ' 0 2 '  ' C O '  'COKE'
★ ★     ___
♦cmm 18 3 6 1 . 5 2  1 8 3 . 0 0  1 0 5 . 5 9  4 0 . 5 2  1 6 . 0 4 3  4 4 . 0 1  2 8 . 0 1 3  32  2 8 . 0 1
♦ p c r i t  3 1 5 5  3 5 7 . 8 6  2 9 9 . 8 0  3 8 3 . 0 8  6 4 5 . 6 2  6 6 7 . 2  1 0 7 1 . 0  4 9 2 . 3 1  7 30  5 0 7 . 5
♦ t c r i t  7 0 5 . 7  1 0 6 6 . 2 4  7 5 0 . 5 6  5 3 6 . 2 6  1 6 8 . 2 9  - 1 1 6 . 5 9  8 7 . 5 6  - 2 3 2 . 5 1  - 1 8 1 . 7 2  - 2 2 0 . 7 8
♦ a v g  0
♦ b v g  0
♦ c o mp n a m e  
* *
♦ a v i s c
♦ b v i s c




♦ c t l  
* *
3 . 9 2 6 e - 6  3 . 8 7 6 e - 6  3 . 1 5 6 e - 6  2 . 1 6 6 e - 6  2 . 1 2 7 e - 4  2 . 1 9 6 0 e - 4  2 . 1 9 6 0 e - 4  2 . 1 9 6 0 e - 4  2 . 1 9 6 0 e - 4
1 . 1 0 2  1 . 0 5 6
’H 2 0 ' ' C 2 1 + '
1 . 0 0 5  0.
' C l l - 2 0 '
94 3  0 . 7 2 1  0 . 7 2 1
' C 6 - 1 0 '  ' C 2 - 5 '
0 . 7 2 1  
' CH4 '
0 . 7 0 2  
'  C 0 2 '
. 7 0 2  





H 2 0 '
0 . 1 3 2 6 8 3  
1 4 7 8 . 3 2  
0 . 0 4 8 1  
3 . 9 e - 6
0 . 1 3 2 8 2 3  0 . 1 5 2 2 9 6  
1 2 9 5 . 3 2  8 5 2 . 6 6
0 . 1 9 0 2 4 8  0 . 1 3 7 8 4 9  
4 7 8 . 5 1  2 0 5 . 4 5
0 . 1 3 0 9
4 e - 6
0 . 2 0 0 0
4 . 5 e - 6
' C 2 1 + ' ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5
0 . 2 0 2 4  
5 e -  6
' CH4 ‘
0 . 4 0 2 4  
6 . 5 e - 6  
' C 0 2 '
0 . 0 4 4 1 2 6  
1 0 4 0 . 5 4  
0 . 6 6 2 3  
7 e - 6  
' N 2 '
0 . 1 4 1 2 6 9  
1 6 2 . 5 4  
0 . 6 9 4 4  




1 . 4 e - 4 1 . 4 9 6 e - 4  1 . 9 5 8 e - 4  2 . 5 2 7 e - 4  2 . 6 4 9 e - 4  2 . 8 3 9 e - 4  2 . 8 3 9 e - 4
♦♦ CHEMICAL REACTION 1 
♦ c o mp n a m e  ' H 2 0 '  ' C 2 1 + '
**     _
♦ s t o r e a c  0 1
♦ s t o p r o d  0 0
- C r a c k i n g :  C21+ - >  CH4 + C o k e
' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 ' ' CH4 ' ' C 0 2 ‘ ’N 2 ' ' 0 2 '  ' CO '
♦♦ C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  o n :  
♦ f r e q f a c  1 . 2 7 3 5 e 5  ♦ e a c t  3 8 0 0 0  ♦ r e n t h  0
♦♦ ♦ f r e q f a c  1 . 0 e 5  ♦ e a c t  3 8 0 0 0  ♦ r e n t h  0
♦♦ ♦ f r e q f a c  2 . 1 e 5  ♦ e a c t  2 5 0 0 0  ♦ r e n t h  0
0 0
4 . 9 7 5  0
MR = 1 . 2 7 3 5  ME
♦♦ CHEMICAL REACTION 2 -  C r a c k i n g :  C21+
♦ co mp n a m e  ' H 2 0 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  1
*★         ____
♦ s t o r e a c  0 1 0 0
♦ s t o p r o d  0 0 0 0
-> 
C 2 - 5
C 2 - C5  + C o k e  
CH4 ' ' C 0 2 ' ’ N2 ‘
0
4 . 0 4 5 8
♦♦ C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  o n :  
♦ f r e q f a c  0 . 8 9 1 e 5  ♦ e a c t  3 9 0 0 0  ♦ r e n t h  0 
♦♦ ♦ f r e q f a c  0 . 7 e 5  ♦ e a c t  3 9 0 0 0  ♦ r e n t h  0 
♦♦ ♦ f r e q f a c  2 . 1 e 5  ♦ e a c t  2 5 0 0 0  ♦ r e n t h  0 
*  *  -----------------------------------------------------------------------------------------------------------------------------------
♦♦ CHEMICAL REACTION 3 - C r a c k i n g :  C 1 0 - C 2 0
♦ c om pn a m e  ' H 2 0 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2
★ *         _____
♦ s t o r e a c  0 0 1 0  0
♦ s t o p r o d  0 0 0 0 0 2
0 0
0 0
MR = 1 . 2 7 3 5  ME
CH4 
’ CH4 1
+ C o k e  






7 2 9 1




5 2 6 7
' N 2 ' ' 0 2 '  ' C O '  'COKE'
1 0 . 0 1 2 7
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♦♦  C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  o n :  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  0 . 5 e 5  ♦ e a c t  4 5 0 0 0  ♦ r e n t h  0
♦♦ ♦ f r e q f a c  0 . 6 3 7 e 5  ♦ e a c t  4 5 0 0 0  ♦ r e n t h  0
♦♦ ♦ f r e q f a c  2 . 0 e 5  ♦ e a c t  2 7 0 0 0  ♦ r e n t h  0
*  *  --------------------------------------------------------------------------------------------------------------------------------------------------
♦♦  CHEMICAL REACTION 4 -  H e a v y  O i l  B u r n i n g :  C21+ + 0 2  - >  H20 + CO + e n e r g y
♦ c o mp n a m e  ' H 2 0 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4 ' ' C 0 2 '  ' N 2 '  ' 0 2 '  ' C O '  'COKE'
* *                      _________
♦ s t o r e a c  0 1 0 0  0 0  0 0  2 6 . 1 1 8 7  0 0
♦ s t o p r o d  2 6 . 5 3 3 2  0 0 0  0 0  0 0 0  2 5 . 7 0 4 1  0
♦♦ C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  o n :  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  3 . 8 4 6 e l 0  ♦ e a c t  1 2 4 0 0  ♦ r e n t h  1 0 2 9 3 . 9  
♦♦ ♦ f r e q f a c  3 . 8 4 6 e l 0  ♦ e a c t  1 3 5 0 0  ♦ r e n t h  1 0 2 9 3 . 9
♦♦ ♦ f r e q f a c  3 . 0 2 0 e l 0  ♦ e a c t  1 3 5 0 0  ♦ r e n t h  1 0 2 9 3 . 9
♦♦ ♦RTEMLOWR 7 9 0 . 0  
♦♦ ♦RTEMUPR 7 9 0 . 1
if i t ------ ----------------------------------------------------------------------- -----------------------------------------------------------------------------------------------
♦♦ CHEMICAL REACTION 5 -  Me d i um O i l  B u r n i n g :  C 1 0 - C 2 0  + 0 2  - >  H20 + CO + e n e r g y
♦ c o mp n a m e  ' H 2 0 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4 ' ' C 0 2 '  ' N 2 '  ' 0 2 '  ' C O '  'COKE'
★ *                     ____
♦ s t o r e a c  0 0  1 0 0 0 0 0  1 3 . 4 0 1 6  0 0
♦ s t o p r o d  1 3 . 8 6 3 7  0 0  0 0 0 0 0  0 1 2 . 9 3 9 5  0
♦♦  C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  o n :  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  3 . 8 4 6 e l 0  ♦ e a c t  1 4 1 0 0  ♦ r e n t h  4 9 2 0 . 3  
♦♦ ♦ f r e q f a c  3 . 8 4 6 e l 0  ♦ e a c t  1 5 5 0 0  ♦ r e n t h  4 9 2 0 . 3
♦♦ ♦ f r e q f a c  3 . 0 2 0 e l 0  ♦ e a c t  1 5 5 0 0  ♦ r e n t h  4 9 2 0 . 3
♦♦ ♦RTEMLOWR 7 9 0 . 0  
♦♦ ♦RTEMUPR 7 9 0 . 1
*  *  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
♦♦ CHEMICAL REACTION 6 -  L i g h t  O i l  B u r n i n g :  C 6 - C 9  + 0 2  - >  H20 + CO + e n e r g y
♦ c om pn a m e  ' H 2 0 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4 ' ' C 0 2 '  ' N 2 '  ' 0 2 '  ' C O '  'COKE'
★ ★     ____
♦ s t o r e a c  0 0 0 1  0 0 0 0  7 . 8 9 8 2  0 0
♦ s t o p r o d  8 . 3 9 6 5  0 0 0 0 0 0 0 0 7 . 4 0  0
♦♦ C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  o n :  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  3 . 8 4 6 e l 0  ♦ e a c t  1 4 2 0 0  ♦ r e n t h  2 4 2 0 . 2  
♦♦  ♦ f r e q f a c  3 . 8 4 6 e l 0  ♦ e a c t  1 5 5 0 0  ♦ r e n t h  2 4 2 0 . 2
♦♦ ♦ f r e q f a c  3 . 0 2 0 e l 0  ♦ e a c t  1 5 5 0 0  ♦ r e n t h  2 4 2 0 . 2
♦♦ ♦RTEMLOWR 7 9 0 . 0  
♦♦ ♦RTEMUPR 7 9 0 . 1
♦♦ CHEMICAL REACTION 7 -  H y d r o c a r b o n  G a s  B u r n i n g :  C 2 - C 5  + 0 2  - >  H20 + CO + e n e r g y
♦ c o mp n a m e  ' H 2 0 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4 ' ' C 0 2 '  ' N 2 '  ' 0 2 '  ' C O '  'COKE'
*★                     ____
♦ s t o r e a c  0 0 0 0  1 0  0 0  3 . 2 2 4 2  0 0
♦ s t o p r o d  3 . 6 8 5 7 6  0 0 0  0 0  0 0 0  2 . 7 6 2 7  0
♦♦ C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  o n :  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  3 . 8 4 6 e l 0  ♦ e a c t  1 5 0 0 0  ♦ r e n t h  1 4 6 3 . 4
♦♦ ♦ f r e q f a c  3 . 0 2 0 e l 0  ♦ e a c t  1 5 0 0 0  ♦ r e n t h  1 4 6 3 . 4
♦♦ ♦RTEMLOWR 7 9 0 . 0
♦♦ ♦RTEMUPR 7 9 0 . 1ir i r   -------- _____---- _________-- -
♦♦ CHEMICAL REACTION 8 -  C o k e  B u r n i n g :  C o k e  + 0 2  - >  H20 + C02 + e n e r g y
♦ c omp n a me  ' H 2 0 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' C H4 ' ' C 0 2 '  ' N 2 '  ' 0 2 '  ' C O '  'COKE'
*  ★
♦ s t o r e a c  0 0  0 0 0 0 0 0 1 . 4 0  1
♦ s t o p r o d  0 . 8 0  0 0 0 0 1 0 0 0  0
♦ f r e q f a c  3 . 0 e 5  ♦ e a c t  5 5 0 0  ♦ r e n t h  4 6 1 . 3  
♦♦ ♦RTEMLOWR 7 9 0 . 0  
♦♦ ♦RTEMUPR 7 9 0 . 1
* *  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
♦♦ CHEMICAL REACTION 9 - G a s  b u r n i n g :  CH4 + 2 0 2  - >  2H20 + C02 + e n e r g y
♦ c omp n am e ' H 2 0 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4 ' ' C 0 2 '  ' N 2 '  ' 0 2 '  ' C O '  'COKE'
**                     ____
♦ s t o r e a c  0 0  0 0 0 1 0 0 1 . 5 0  0
♦ s t o p r o d  2 0  0 0 0 0 0 0 0 1 0
♦♦ C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  o n :  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  3 . 8 4 6 e l 0  ♦ e a c t  1 5 0 0 0  ♦ r e n t h  1 4 6 3 . 4
♦♦ ♦ f r e q f a c  3 . 0 2 0 e l 0  ♦ e a c t  5 9 4 5 0  ♦ r e n t h  5 0 2 . 5 3 3  ♦♦ R e a c t i o n  E n t h a l p y
♦♦ ♦RTEMLOWR 7 9 0 . 0
B T U / l b m o l e
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♦♦ * RTEMUPR 7 9 0 . 1
*  *  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
♦♦ CHEMICAL REACTION 1 0  - C a r b o n  M o n o x i d e  b u r n i n g :  CO + 0 . 5  0 2  - >  C02 + e n e r g y
♦ c o mp n a m e  ' H 2 0 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4 ' ' C 0 2 '  ' N 2 '  ' 0 2 '  ' C O '  'COKE'
**                     ____
♦ s t o r e a c  0 0 0 0 0 0 0 0 0 . 5 1  0
♦ s t o p r o d  0 0  0 0 0 0 1 0  0 0 0
♦♦ C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  o n :  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  1 . 9 1 e 5  ♦ e a c t  3 2 5 0  ♦ r e n t h  2 . 8 3 8 E 5
♦♦ ♦ f r e q f a c  1 . 5 e 5  ♦ e a c t  3 2 5 0  ♦ r e n t h  2 . 8 3 8 E 5
♦♦ ♦RTEMLOWR 7 9 0 . 0
♦♦  ♦RTEMUPR 7 9 0 . 1
** _____________________________________________________________________________
♦ s o l d e n  4 . 4
♦♦ P s e u d o c o m p o n e n t  K v a l u e  t a b l e s  f o r  p r e s s u r e s  5 0 0  p s i  & 6 5 0 0  p s i  1 0 0  F t o  1 3 0 0  F b e  1 0 0  d e g  
i n t e r v a l s
♦♦ ♦ k v t a b l i m  5 0 0  6 5 0 0  1 0 0  1 3 0 0
♦ k v t a b l i m  5 0 0 .  3 2 5 0  1 0 0 .  1 3 0 0 .
♦♦ l o w / h i g h  p r e s s u r e ;  l o w / h i g h  t e m p e r a t u r e
♦ k v t a b l e  2 ♦♦ K v a l u e  t a b l e  f o r  C21+
1 . 4 9 1 E - 0 5  9 . 9 4 1 E - 0 6  7 . 4 5 6 E - 0 6  5 . 9 6 5 E - 0 6  4 . 9 7 1 E - 0 6 4 . 2 6 0 E - 0 6 3 . 7 2 8 E - 0 6 3 . 3 1 4 E - 0 6
2 . 9 8 2 E - 0 6  2 . 7 1 1 E - 0 6  2 . 4 8 5 E - 0 6  2 . 2 9 4 E - 0 6  
1 . 9 3 1 E - 0 4  1 . 2 8 7 E - 0 4  9 . 6 5 5 E - 0 5  7 . 7 2 4 E - 0 5  6 . 4 3 6 E - 0 5 5 . 5 1 7 E - 0 5 4 . 8 2 7 E - 0 5 4 . 2 9 1 E - 0 5
3 . 8 6 2 E - 0 5  3 . 5 1 1 E - 0 5  3 . 2 1 8 E - 0 5  2 . 9 7 1 E - 0 5  
1 . 2 7 4 E - 0 3  8 . 4 9 6 E - 0 4  6 . 3 7 2 E - 0 4  5 . 0 9 8 E - 0 4  4 . 2 4 8 E - 0 4 3 . 6 4 1 E - 0 4 3 . 1 8 6 E - 0 4 2 . 8 3 2 E - 0 4
2 . 5 4 9 E - 0 4  2 . 3 1 7 E - 0 4  2 . 1 2 4 E - 0 4  1 . 9 6 1 E - 0 4  
5 . 4 2 3 E - 0 3  3 . 6 1 5 E - 0 3  2 . 7 1 2 E - 0 3  2 . 1 6 9 E - 0 3  1 . 8 0 8 E - 0 3 1 . 5 4 9 E - 0 3 1 . 3 5 6 E - 0 3 1 . 2 0 5 E - 03
1 . 0 8 5 E - 0 3  9 . 8 6 0 E - 0 4  9 . 0 3 9 E - 0 4  8 . 3 4 3 E - 0 4  
1 . 7 0 7 E - 0 2  1 . 1 3 8 E - 0 2  8 . 5 3 4 E - 0 3  6 . 8 2 7 E - 0 3  5 . 6 8 9 E - 0 3 4 . 8 7 7 E - 0 3 4 . 2 6 7 E - 0 3 3 . 7 9 3 E - 03
3 . 4 1 4 E - 0 3  3 . 1 0 3 E - 0 3  2 . 8 4 5 E - 0 3  2 . 6 2 6 E - 0 3  
4 . 3 2 7 E - 0 2  2 . 8 8 4 E - 0 2  2 . 1 6 3 E - 0 2  1 . 7 3 1 E - 0 2  1 . 4 4 2 E - 0 2 1 . 2 3 6 E - 0 2 1 . 0 8 2 E - 0 2 9 . 6 1 5 E - 0 3
8 . 6 5 3 E - 0 3  7 . 8 6 7 E - 0 3  7 . 2 1 1 E - 0 3  6 . 6 5 6 E - 0 3  
9 . 3 4 3 E - 0 2  6 . 2 2 8 E - 0 2  4 . 6 7 1 E - 0 2  3 . 7 3 7 E - 0 2  3 . 1 1 4 E - 0 2 2 . 6 6 9 E - 0 2 2 . 3 3 6 E - 0 2 2 . 0 7 6 E - 0 2
1 . 8 6 9 E - 0 2  1 . 6 9 9 E - 0 2  1 . 5 5 7 E - 0 2  1 . 4 3 7 E - 0 2  
1 . 7 8 5 E - 0 1  1 . 1 9 0 E - 0 1  8 . 9 2 7 E - 0 2  7 . 1 4 2 E - 0 2  5 . 9 5 1 E - 0 2 5 . 1 0 1 E - 0 2 4 . 4 6 3 E - 0 2 3 . 9 6 8 E - 0 2
3 . 5 7 1 E - 0 2  3 . 2 4 6 E - 0 2  2 . 9 7 6 E - 0 2  2 . 7 4 7 E - 0 2  
3 . 1 0 2 E - 0 1  2 . 0 6 8 E - 01  1 . 5 5 1 E - 0 1  1 . 2 4 1 E - 0 1  1 . 0 3 4 E - 0 1 8 . 8 6 2 E - 0 2 7 . 7 5 5 E - 0 2 6 . 8 9 3 E - 0 2
6 . 2 0 4 E - 0 2  5 . 6 4 0 E - 0 2  5 . 1 7 0 E - 0 2  4 . 7 7 2 E - 0 2  
4 . 9 9 6 E - 0 1  3 . 3 3 1 E - 0 1  2 . 4 9 8 E - 0 1  1 . 9 9 9 E - 0 1  1 . 6 6 5 E - 0 1 1 . 4 2 8 E - 0 1 1 . 2 4 9 E - 0 1 1 . 1 1 0 E - 0 1
9 . 9 9 3 E - 0 2  9 . 0 8 4 E - 0 2  8 . 3 2 7 E - 0 2  7 . 6 8 7 E - 0 2  
7 . 5 7 1 E - 0 1  5 . 0 4 7 E - 0 1  3 . 7 8 5 E - 0 1  3 . 0 2 8 E - 0 1  2 . 5 2 4 E - 0 1 2 . 1 6 3 E - 0 1 1 . 8 9 3 E - 0 1 1 . 6 8 2 E - 0 1
1 . 5 1 4 E - 0 1  1 . 3 7 7 E - 0 1  1 . 2 6 2 E - 0 1  1 . 1 6 5 E - 0 1  
1 . 0 9 1 1 6  0 . 7 2 7 4 4  5 . 4 5 6 E - 0 1  4 . 3 6 5 E - 0 1  3 . 6 3 7 E - 0 1 3 . 1 1 8 E - 0 1 2 . 7 2 8 E - 0 1 2 . 4 2 5 E - 0 1
2 . 1 8 2 E - 0 1  1 . 9 8 4 E - 0 1  1 . 8 1 9 E - 0 1  1 . 6 7 9 E - 0 1  
1 . 5 0 8 6 7  1 . 0 0 5 7 8  0 . 7 5 4 3 4  6 . 0 3 5 E - 0 1  5 . 0 2 9 E - 0 1 4 . 3 1 0 E - 0 1 3 . 7 7 2 E - 0 1 3 . 3 5 3 E - 0 1
3 . 0 1 7 E - 0 1  2 . 7 4 3 E - 0 1  2 . 5 1 4 E - 0 1  2 . 3 2 1 E - 0 1
♦ k v t a b l e  3 ♦♦ K v a l u e  t a b l e  f o r  C 1 1 - C 2 0
6 . 0 0 3 E - 0 4  4 . 0 0 2 E - 0 4  3 . 0 0 1 E - 0 4  2 . 4 0 1 E - 0 4  2 . 0 0 1 E - 0 4 1 . 7 1 5 E - 0 4 1 . 5 0 1 E - 0 4 1 . 3 3 4 E - 0 4
1 . 2 0 1 E - 0 4  1 . 0 9 1 E - 0 4  1 . 0 0 0 E - 0 4  9 . 2 3 5 E - 0 5  
3 . 9 3 5 E - 0 3  2 . 6 2 3 E - 0 3  1 . 9 6 7 E - 0 3  1 . 5 7 4 E - 0 3  1 . 3 1 2 E - 0 3 1 . 1 2 4 E - 0 3 9 . 8 3 7 E - 0 4 8 . 7 4 4 E - 0 4
7 . 8 7 0 E - 0 4  7 . 1 5 4 E - 0 4  6 . 5 5 8 E - 0 4  6 . 0 5 4 E - 0 4  
1 . 5 7 3 E - 0 2  1 . 0 4 8 E - 0 2  7 . 8 6 3 E - 0 3  6 . 2 9 1 E - 0 3  5 . 2 4 2 E - 0 3 4 . 4 9 3 E - 0 3 3 . 9 3 2 E - 0 3 3 . 4 9 5 E - 0 3
3 . 1 4 5 E - 0 3  2 . 8 5 9 E - 0 3  2 . 6 2 1 E - 0 3  2 . 4 1 9 E - 0 3  
4 . 5 5 4 E - 0 2  3 . 0 3 6 E - 0 2  2 . 2 7 7 E - 0 2  1 . 8 2 2 E - 0 2  1 . 5 1 8 E - 0 2 1 . 3 0 1 E - 0 2 1 . 1 3 9 E - 0 2 1 . 0 1 2 E - 0 2
9 . 1 0 8 E - 0 3  8 . 2 8 0 E - 0 3  7 . 5 9 0 E - 0 3  7 . 0 0 6 E - 0 3  
1 . 0 5 7 E - 0 1  7 . 0 4 5 E - 0 2  5 . 2 8 4 E - 0 2  4 . 2 2 7 E - 0 2  3 . 5 2 2 E - 0 2 3 . 0 1 9 E - 0 2 2 . 6 4 2 E - 0 2 2 . 3 4 8 E - 0 2
2 . 1 1 3 E - 0 2  1 . 9 2 1 E - 0 2  1 . 7 6 1 E - 0 2  1 . 6 2 6 E - 0 2  
2 . 0 9 2 E - 0 1  1 . 3 9 5 E - 0 1  1 . 0 4 6 E - 0 1  8 . 3 6 8 E - 0 2  6 . 9 7 3 E - 0 2 5 . 9 7 7 E - 0 2 5 . 2 3 0 E - 0 2 4 . 6 4 9 E - 0 2
4 . 1 8 4 E - 0 2  3 . 8 0 4 E - 0 2  3 . 4 8 7 E - 0 2  3 . 2 1 8 E - 0 2  
3 . 6 8 1 E - 0 1  2 . 4 5 4 E - 0 1  1 . 8 4 1 E - 0 1  1 . 4 7 3 E - 0 1  1 . 2 2 7 E - 0 1 1 . 0 5 2 E - 0 1 9 . 2 0 3 E - 0 2 8 . 1 8 1 E - 0 2
7 . 3 6 3 E - 0 2  6 . 6 9 3 E - 0 2  6 . 1 3 5 E - 0 2  5 . 6 6 4 E - 0 2  
5 . 9 2 2 E - 0 1  3 . 9 4 8 E - 0 1  2 . 9 6 1 E - 0 1  2 . 3 6 9 E - 0 1  1 . 9 7 4 E - 0 1 1 . 6 9 2 E - 0 1 1 . 4 8 1 E - 0 1 1 . 3 1 6 E - 0 1
1 . 1 8 4 E - 0 1  1 . 0 7 7 E - 0 1  9 . 8 7 1 E - 0 2  9 . 1 1 1 E - 0 2  
0 . 8 8 8 4 2  5 . 9 2 3 E - 0 1  4 . 4 4 2 E - 0 1  3 . 5 5 4 E - 0 1  2 . 9 6 1 E - 0 1 2 . 5 3 8 E - 0 1 2 . 2 2 1 E - 0 1 1 . 9 7 4 E - 0 1
1 . 7 7 7 E - 0 1  1 . 6 1 5 E - 0 1  1 . 4 8 1 E - 0 1  1 . 3 6 7 E - 0 1
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1 . 2 6 0 7 2  0 . 8 4 0 4 8  0 . 6 3 0 3 6  0 . 5 0 4 2 9  4 . 2 0 2 E - 0 1  3 . 6 0 2 E - 0 1  3 . 1 5 2 E - 0 1  2 . 8 0 2 E - 0 1
2 . 5 2 1 E - 0 1  2 . 2 9 2 E - 0 1  2 . 1 0 1 E - 0 1  1 . 9 4 0 E - 0 1
1 . 7 1 0 5 3  1 . 1 4 0 3 5  0 . 8 5 5 2 6  0 . 6 8 4 2 1  0 . 5 7 0 1 8  0 . 4 8 8 7 2  0 . 4 2 7 6 3  0 . 3 8 0 1 2
0 . 3 4 2 1 1  0 . 3 1 1 0 0  0 . 2 8 5 0 9  2 . 6 3 2 E - 0 1
2 . 2 3 7 E + 0 0  1 . 4 9 1 3 7  1 . 1 1 8 5 3  0 . 8 9 4 8 2  0 . 7 4 5 6 8  0 . 6 3 9 1 6  0 . 5 5 9 2 6  0 . 4 9 7 1 2
0 . 4 4 7 4 1  0 . 4 0 6 7 4  0 . 3 7 2 8 4  0 . 3 4 4 1 6
2 . 8 3 8 E + 0 0  1 . 8 9 2 E + 0 0  1 . 4 1 9 E + 0 0  1 . 1 3 5 1 1  0 . 9 4 5 9 3  0 . 8 1 0 7 9  0 . 7 0 9 4 5  0 . 6 3 0 6 2
0 . 5 6 7 5 6  0 . 5 1 5 9 6  0 . 4 7 2 9 6  0 . 4 3 6 5 8
♦ k v t a b l e  4 ♦♦ K v a l u e  t a b l e  f o r  C 6 - 1 0
1 . 0 3 6 5 E - 0 2  6 . 9 1 0 3 E - 0 3  5 . 1 8 2 7 E - 0 3  4 . 1 4 6 2 E - 0 3  3 . 4 5 5 2 E - 0 3  2 . 9 6 1 6 E - 0 3  2 . 5 9 1 4 E - 0 3  2 . 3 0 3 4 E - 0 3
2 . 0 7 3 1 E - 0 3  1 . 8 8 4 6 E - 03 1 . 7 2 7 6 E - 0 3  1 . 5 9 4 7 E - 0 3
0 . 0 4 5 6 5 9  0 . 0 3 0 4 3 9  0 . 0 2 2 8 2 9  0 . 0 1 8 2 6 4  0 . 0 1 5 2 2 0  0 . 0 1 3 0 4 5  0 . 0 1 1 4 1 5  0 . 0 1 0 1 4 6
0 . 0 0 9 1 3 2  0 . 0 0 8 3 0 2  0 . 0 0 7 6 1 0  0 . 0 0 7 0 2 4
0 . 1 3 6 1 4 6  0 . 0 9 0 7 6 4  0 . 0 6 8 0 7 3  0 . 0 5 4 4 5 8  0 . 0 4 5 3 8 2  0 . 0 3 8 8 9 9  0 . 0 3 4 0 3 6  0 . 0 3 0 2 5 5
0 . 0 2 7 2 2 9  0 . 0 2 4 7 5 4  0 . 0 2 2 6 9 1  0 . 0 2 0 9 4 6
0 . 3 1 4 8 7 6  0 . 2 0 9 9 1 7  0 . 1 5 7 4 3 8  0 . 1 2 5 9 5 0  0 . 1 0 4 9 5 9  0 . 0 8 9 9 6 5  0 . 0 7 8 7 1 9  0 . 0 6 9 9 7 2
0 . 0 6 2 9 7 5  0 . 0 5 7 2 5 0  0 . 0 5 2 4 7 9  0 . 0 4 8 4 4 2
0 . 6 1 1 5 2 4  0 . 4 0 7 6 8 3  0 . 3 0 5 7 6 2  0 . 2 4 4 6 1 0  0 . 2 0 3 8 4 1  0 . 1 7 4 7 2 1  0 . 1 5 2 8 8 1  0 . 1 3 5 8 9 4
0 . 1 2 2 3 0 5  0 . 1 1 1 1 8 6  0 . 1 0 1 9 2 1  0 . 0 9 4 0 8 1
1 . 0 4 7 8 4 2  0 . 6 9 8 5 6 2  0 . 5 2 3 9 2 1  0 . 4 1 9 1 3 7  0 . 3 4 9 2 8 1  0 . 2 9 9 3 8 4  0 . 2 6 1 9 6 1  0 . 2 3 2 8 5 4
0 . 2 0 9 5 6 8  0 . 1 9 0 5 1 7  0 . 1 7 4 6 4 0  0 . 1 6 1 2 0 7
1 . 6 3 6 3  1 . 0 9 0 8  0 . 8 1 8 1  0 . 6 5 4 5  0 . 5 4 5 4  0 . 4 6 7 5  0 . 4 0 9 1  0 . 3 6 3 6
0 . 3 2 7 3  0 . 2 9 7 5  0 . 2 7 2 7  0 . 2 5 1 7
2 . 3 8 0 6  1 . 5 8 7 1  1 . 1 9 0 3  0 . 9 5 2 2  0 . 7 9 3 5  0 . 6 8 0 2  0 . 5 9 5 2  0 . 5 2 9 0
0 . 4 7 6 1  0 . 4 3 2 8  0 . 3 9 6 8  0 . 3 6 6 2
3 . 2 7 7 8  2 . 1 8 5 2  1 . 6 3 8 9  1 . 3 1 1 1  1 . 0 9 2 6  0 . 9 3 6 5  0 . 8 1 9 4  0 . 7 2 8 4
0 . 6 5 5 6  0 . 5 9 6 0  0 . 5 4 6 3  0 . 5 0 4 3
4 . 3 1 9 6  2 . 8 7 9 7  2 . 1 5 9 8  1 . 7 2 7 8  1 . 4 3 9 9  1 . 2 3 4 2  1 . 0 7 9 9  0 . 9 5 9 9
0 . 8 6 3 9  0 . 7 8 5 4  0 . 7 1 9 9  0 . 6 6 4 5
5 . 4 9 4 6  3 . 6 6 3 1  2 . 7 4 7 3  2 . 1 9 7 8  1 . 8 3 1 5  1 . 5 6 9 9  1 . 3 7 3 6  1 . 2 2 1 0
1 . 0 9 8 9  0 . 9 9 9 0  0 . 9 1 5 8  0 . 8 4 5 3
6 . 7 8 9 5  4 . 5 2 6 4  3 . 3 9 4 8  2 . 7 1 5 8  2 . 2 6 3 2  1 . 9 3 9 9  1 . 6 9 7 4  1 . 5 0 8 8
1 . 3 5 7 9  1 . 2 3 4 5  1 . 1 3 1 6  1 . 0 4 4 5
8 . 1 9 0 3  5 . 4 6 0 2  4 . 0 9 5 2  3 . 2 7 6 1  2 . 7 3 0 1  2 . 3 4 0 1  2 . 0 4 7 6  1 . 8 2 0 1
1 . 6 3 8 1  1 . 4 8 9 2  1 . 3 6 5 1  1 . 2 6 0 1
♦ k v t a b l e  5 ♦♦ K v a l u e  t a b l e  f o r  C 2 - 5
1 . 0 3 6 5 E - 02  6 . 9 1 0 3 E - 0 3  5 . 1 8 2 7 E - 0 3  4 . 1 4 6 2 E - 0 3  3 . 4 5 5 2 E - 0 3  2 . 9 6 1 6 E - 0 3  2 . 5 9 1 4 E - 0 3  2 . 3 0 3 4 E - 0 3
2 . 0 7 3 1 E - 03 1 . 8 8 4 6 E - 0 3  1 . 7 2 7 6 E - 0 3  1 . 5 9 4 7 E - 0 3
0 . 0 4 5 6 5 9  0 . 0 3 0 4 3 9  0 . 0 2 2 8 2 9  0 . 0 1 8 2 6 4  0 . 0 1 5 2 2 0  0 . 0 1 3 0 4 5  0 . 0 1 1 4 1 5  0 . 0 1 0 1 4 6
0 . 0 0 9 1 3 2  0 . 0 0 8 3 0 2  0 . 0 0 7 6 1 0  0 . 0 0 7 0 2 4
0 . 1 3 6 1 4 6  0 . 0 9 0 7 6 4  0 . 0 6 8 0 7 3  0 . 0 5 4 4 5 8  0 . 0 4 5 3 8 2  0 . 0 3 8 8 9 9  0 . 0 3 4 0 3 6  0 . 0 3 0 2 5 5
0 . 0 2 7 2 2 9  0 . 0 2 4 7 5 4  0 . 0 2 2 6 9 1  0 . 0 2 0 9 4 6
0 . 3 1 4 8 7 6  0 . 2 0 9 9 1 7  0 . 1 5 7 4 3 8  0 . 1 2 5 9 5 0  0 . 1 0 4 9 5 9  0 . 0 8 9 9 6 5  0 . 0 7 8 7 1 9  0 . 0 6 9 9 7 2
0 . 0 6 2 9 7 5  0 . 0 5 7 2 5 0  0 . 0 5 2 4 7 9  0 . 0 4 8 4 4 2
0 . 6 1 1 5 2 4  0 . 4 0 7 6 8 3  0 . 3 0 5 7 6 2  0 . 2 4 4 6 1 0  0 . 2 0 3 8 4 1  0 . 1 7 4 7 2 1  0 . 1 5 2 8 8 1  0 . 1 3 5 8 9 4
0 . 1 2 2 3 0 5  0 . 1 1 1 1 8 6  0 . 1 0 1 9 2 1  0 . 0 9 4 0 8 1
1 . 0 4 7 8 4 2  0 . 6 9 8 5 6 2  0 . 5 2 3 9 2 1  0 . 4 1 9 1 3 7  0 . 3 4 9 2 8 1  0 . 2 9 9 3 8 4  0 . 2 6 1 9 6 1  0 . 2 3 2 8 5 4
0 . 2 0 9 5 6 8  0 . 1 9 0 5 1 7  0 . 1 7 4 6 4 0  0 . 1 6 1 2 0 7
1 . 6 3 6 3  1 . 0 9 0 8  0 . 8 1 8 1  0 . 6 5 4 5  0 . 5 4 5 4  0 . 4 6 7 5  0 . 4 0 9 1  0 . 3 6 3 6
0 . 3 2 7 3  0 . 2 9 7 5  0 . 2 7 2 7  0 . 2 5 1 7
2 . 3 8 0 6  1 . 5 8 7 1  1 . 1 9 0 3  0 . 9 5 2 2  0 . 7 9 3 5  0 . 6 8 0 2  0 . 5 9 5 2  0 . 5 2 9 0
0 . 4 7 6 1  0 . 4 3 2 8  0 . 3 9 6 8  0 . 3 6 6 2
3 . 2 7 7 8  2 . 1 8 5 2  1 . 6 3 8 9  1 . 3 1 1 1  1 . 0 9 2 6  0 . 9 3 6 5  0 . 8 1 9 4  0 . 7 2 8 4
0 . 6 5 5 6  0 . 5 9 6 0  0 . 5 4 6 3  0 . 5 0 4 3
4 . 3 1 9 6  2 . 8 7 9 7  2 . 1 5 9 8  1 . 7 2 7 8  1 . 4 3 9 9  1 . 2 3 4 2  1 . 0 7 9 9  0 . 9 5 9 9
0 . 8 6 3 9  0 . 7 8 5 4  0 . 7 1 9 9  0 . 6 6 4 5
5 . 4 9 4 6  3 . 6 6 3 1  2 . 7 4 7 3  2 . 1 9 7 8  1 . 8 3 1 5  1 . 5 6 9 9  1 . 3 7 3 6  1 . 2 2 1 0
1 . 0 9 8 9  0 . 9 9 9 0  0 . 9 1 5 8  0 . 8 4 5 3
6 . 7 8 9 5  4 . 5 2 6 4  3 . 3 9 4 8  2 . 7 1 5 8  2 . 2 6 3 2  1 . 9 3 9 9  1 . 6 9 7 4  1 . 5 0 8 8
1 . 3 5 7 9  1 . 2 3 4 5  1 . 1 3 1 6  1 . 0 4 4 5
8 . 1 9 0 3  5 . 4 6 0 2  4 . 0 9 5 2  3 . 2 7 6 1  2 . 7 3 0 1  2 . 3 4 0 1  2 . 0 4 7 6  1 . 8 2 0 1
1 . 6 3 8 1  1 . 4 8 9 2  1 . 3 6 5 1  1 . 2 6 0 1
♦ k v t a b l e  6 ♦♦ K v a l u e  t a b l e  f o r  CH4
1 0 . 8 8 6 5  7 . 2 5 7 7  5 . 4 4 3 2  4 . 3 5 4 6  3 . 6 2 8 8  3 . 1 1 0 4  2 . 7 2 1 6  2 . 4 1 9 2  2 . 1 7 7 3  1 . 9 7 9 4  1 . 8 1 4 4  1 . 6 7 4 8
1 8 . 0 1 4 4  1 2 . 0 0 9 6  9 . 0 0 7 2  7 . 2 0 5 8  6 . 0 0 4 8  5 . 1 4 7 0  4 . 5 0 3 6  4 . 0 0 3 2  3 . 6 0 2 9  3 . 2 7 5 4  3 . 0 0 2 4  2 . 7 7 1 5
2 6 . 1 0 9 2  1 7 . 4 0 6 1  1 3 . 0 5 4 6  1 0 . 4 4 3 7  8 . 7 0 3 1  7 . 4 5 9 8  6 . 5 2 7 3  5 . 8 0 2 0  5 . 2 2 1 8  4 . 7 4 7 1  4 . 3 5 1 5  4 . 0 1 6 8
3 4 . 7 1 2 3  2 3 . 1 4 1 5  1 7 . 3 5 6 1  1 3 . 8 8 4 9  1 1 . 5 7 0 8  9 . 9 1 7 8  8 . 6 7 8 1  7 . 7 1 3 8  6 . 9 4 2 5  6 . 3 1 1 3  5 . 7 8 5 4  5 . 3 4 0 4
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4 3 . 4 9 1 5  2 8 . 9 9 4 3  2 1 . 7 4 5 8  1 7 . 3 9 6 6  1 4 . 4 9 7 2  1 2 . 4 2 6 1  1 0 . 8 7 2 9  9 . 6 6 4 8  8 . 6 9 8 3  7 . 9 0 7 5  7 . 2 4 8 6
6 . 6 9 1 0
5 2 . 2 2 1 6  3 4 . 8 1 4 4  2 6 . 1 1 0 8  2 0 . 8 8 8 6  1 7 . 4 0 7 2  1 4 . 9 2 0 5  1 3 . 0 5 5 4  1 1 . 6 0 4 8  1 0 . 4 4 4 3  9 . 4 9 4 8  8 . 7 0 3 6
8 . 0 3 4 1
6 0 . 7 5 7 3  4 0 . 5 0 4 9  3 0 . 3 7 8 6  2 4 . 3 0 2 9  2 0 . 2 5 2 4  1 7 . 3 5 9 2  1 5 . 1 8 9 3  1 3 . 5 0 1 6  1 2 . 1 5 1 5  1 1 . 0 4 6 8  1 0 . 1 2 6 2
9 . 3 4 7 3
6 9 . 0 0 9 7  4 6 . 0 0 6 5  3 4 . 5 0 4 9  2 7 . 6 0 3 9  2 3 . 0 0 3 2  1 9 . 7 1 7 1  1 7 . 2 5 2 4  1 5 . 3 3 5 5  1 3 . 8 0 1 9  1 2 . 5 4 7 2  1 1 . 5 0 1 6
1 0 . 6 1 6 9
7 6 . 9 2 8 6  5 1 . 2 8 5 8  3 8 . 4 6 4 3  3 0 . 7 7 1 5  2 5 . 6 4 2 9  2 1 . 9 7 9 6  1 9 . 2 3 2 2  1 7 . 0 9 5 3  1 5 . 3 8 5 7  1 3 . 9 8 7 0  1 2 . 8 2 1 4
1 1 . 8 3 5 2
8 4 . 4 8 9 6  5 6 . 3 2 6 4  4 2 . 2 4 4 8  3 3 . 7 9 5 8  2 8 . 1 6 3 2  2 4 . 1 3 9 9  2 1 . 1 2 2 4  1 8 . 7 7 5 5  1 6 . 8 9 7 9  1 5 . 3 6 1 7  1 4 . 0 8 1 6
1 2 . 9 9 8 4
9 1 . 6 8 5 0  6 1 . 1 2 3 4  4 5 . 8 4 2 5  3 6 . 6 7 4 0  3 0 . 5 6 1 7  2 6 . 1 9 5 7  2 2 . 9 2 1 3  2 0 . 3 7 4 5  1 8 . 3 3 7 0  1 6 . 6 7 0 0  1 5 . 2 8 0 8
1 4 . 1 0 5 4
9 8 . 5 1 8 3  6 5 . 6 7 8 9  4 9 . 2 5 9 2  3 9 . 4 0 7 3  3 2 . 8 3 9 4  2 8 . 1 4 8 1  2 4 . 6 2 9 6  2 1 . 8 9 3 0  1 9 . 7 0 3 7  1 7 . 9 1 2 4  1 6 . 4 1 9 7
1 5 . 1 5 6 7
1 0 4 . 9 9 9 7  6 9 . 9 9 9 8  5 2 . 4 9 9 9  4 1 . 9 9 9 9  3 4 . 9 9 9 9  2 9 . 9 9 9 9  2 6 . 2 4 9 9  2 3 . 3 3 3 3  2 0 . 9 9 9 9  1 9 . 0 9 0 9  1 7 . 5 0 0 0
1 6 . 1 5 3 8
♦ k v t a b l e  7 ♦♦ K v a l u e  t a b l e  f o r  C02
2 . 4 9 1 4  1 . 6 6 0 9  1 . 2 4 5 7  0 . 9 9 6 6  0 . 8 3 0 5  0 . 7 1 1 8  0 . 6 2 2 9  0 . 5 5 3 6  0 . 4 9 8 3  0 . 4 5 3 0  0 . 4 1 5 2  0 . 3 8 3 3
6 . 8 2 4 9  4 . 5 5 0 0  3 . 4 1 2 5  2 . 7 3 0 0  2 . 2 7 5 0  1 . 9 5 0 0  1 . 7 0 6 2  1 . 5 1 6 7  1 . 3 6 5 0  1 . 2 4 0 9  1 . 1 3 7 5  1 . 0 5 0 0
1 4 . 3 4 1 1  9 . 5 6 0 7  7 . 1 7 0 5  5 . 7 3 6 4  4 . 7 8 0 4  4 . 0 9 7 5  3 . 5 8 5 3  3 . 1 8 6 9  2 . 8 6 8 2  2 . 6 0 7 5  2 . 3 9 0 2  2 . 2 0 6 3
2 5 . 3 5 5 3  1 6 . 9 0 3 5  1 2 . 6 7 7 6  1 0 . 1 4 2 1  8 . 4 5 1 8  7 . 2 4 4 4  6 . 3 3 8 8  5 . 6 3 4 5  5 . 0 7 1 1  4 . 6 1 0 1  4 . 2 2 5 9  3 . 9 0 0 8
3 9 . 8 1 0 3  2 6 . 5 4 0 2  1 9 . 9 0 5 2  1 5 . 9 2 4 1  1 3 . 2 7 0 1  1 1 . 3 7 4 4  9 . 9 5 2 6  8 . 8 4 6 7  7 . 9 6 2 1  7 . 2 3 8 2  6 . 6 3 5 1  6 . 1 2 4 7
5 7 . 4 0 5 7  3 8 . 2 7 0 5  2 8 . 7 0 2 9  2 2 . 9 6 2 3  1 9 . 1 3 5 2  1 6 . 4 0 1 6  1 4 . 3 5 1 4  1 2 . 7 5 6 8  1 1 . 4 8 1 1  1 0 . 4 3 7 4  9 . 5 6 7 6
8 . 8 3 1 7
7 7 . 7 1 5 6  5 1 . 8 1 0 4  3 8 . 8 5 7 8  3 1 . 0 8 6 2  2 5 . 9 0 5 2  2 2 . 2 0 4 5  1 9 . 4 2 8 9  1 7 . 2 7 0 1  1 5 . 5 4 3 1  1 4 . 1 3 0 1  1 2 . 9 5 2 6
1 1 . 9 5 6 2
1 0 0 . 2 7 2 0  6 6 . 8 4 8 0  5 0 . 1 3 6 0  4 0 . 1 0 8 8  3 3 . 4 2 4 0  2 8 . 6 4 9 1  2 5 . 0 6 8 0  2 2 . 2 8 2 7  2 0 . 0 5 4 4  1 8 . 2 3 1 3  1 6 . 7 1 2 0
1 5 . 4 2 6 5
1 2 4 . 6 1 6 6  8 3 . 0 7 7 7  6 2 . 3 0 8 3  4 9 . 8 4 6 6  4 1 . 5 3 8 9  3 5 . 6 0 4 7  3 1 . 1 5 4 1  2 7 . 6 9 2 6  2 4 . 9 2 3 3  2 2 . 6 5 7 6  2 0 . 7 6 9 4
1 9 . 1 7 1 8
1 5 0 . 3 2 8 4  1 0 0 . 2 1 8 9  7 5 . 1 6 4 2  6 0 . 1 3 1 4  5 0 . 1 0 9 5  4 2 . 9 5 1 0  3 7 . 5 8 2 1  3 3 . 4 0 6 3  3 0 . 0 6 5 7  2 7 . 3 3 2 4  2 5 . 0 5 4 7
2 3 . 1 2 7 4
1 7 7 . 0 3 6 2  1 1 8 . 0 2 4 1  8 8 . 5 1 8 1  7 0 . 8 1 4 5  5 9 . 0 1 2 1  5 0 . 5 8 1 8  4 4 . 2 5 9 0  3 9 . 3 4 1 4  3 5 . 4 0 7 2  3 2 . 1 8 8 4  2 9 . 5 0 6 0
2 7 . 2 3 6 3
2 0 4 . 4 2 1 4  1 3 6 . 2 8 0 9  1 0 2 . 2 1 0 7  8 1 . 7 6 8 5  6 8 . 1 4 0 5  5 8 . 4 0 6 1  5 1 . 1 0 5 3  4 5 . 4 2 7 0  4 0 . 8 8 4 3  3 7 . 1 6 7 5  3 4 . 0 7 0 2
3 1 . 4 4 9 4
2 3 2 . 2 1 6 1  1 5 4 . 8 1 0 7  1 1 6 . 1 0 8 0  9 2 . 8 8 6 4  7 7 . 4 0 5 4  6 6 . 3 4 7 5  5 8 . 0 5 4 0  5 1 . 6 0 3 6  4 6 . 4 4 3 2  4 2 . 2 2 1 1  3 8 . 7 0 2 7
3 5 . 7 2 5 6
♦ k v t a b l e  8 ♦♦ K v a l u e  t a b l e  f o r  N2
2 7 . 0 1 8 8  1 8 . 0 1 2 5  1 3 . 5 0 9 4  1 0 . 8 0 7 5  9 . 0 0 6 3  7 . 7 1 9 7  6 . 7 5 4 7  6 . 0 0 4 2  5 . 4 0 3 8  4 . 9 1 2 5  4 . 5 0 3 1  4 . 1 5 6 7
3 8 . 0 4 8 3  2 5 . 3 6 5 5  1 9 . 0 2 4 1  1 5 . 2 1 9 3  1 2 . 6 8 2 8  1 0 . 8 7 0 9  9 . 5 1 2 1  8 . 4 5 5 2  7 . 6 0 9 7  6 . 9 1 7 9  6 . 3 4 1 4  5 . 8 5 3 6
4 8 . 9 6 4 5  3 2 . 6 4 3 0  2 4 . 4 8 2 2  1 9 . 5 8 5 8  1 6 . 3 2 1 5  1 3 . 9 8 9 8  1 2 . 2 4 1 1  1 0 . 8 8 1 0  9 . 7 9 2 9  8 . 9 0 2 6  8 . 1 6 0 7
7 . 5 3 3 0
5 9 . 4 2 2 5  3 9 . 6 1 5 0  2 9 . 7 1 1 3  2 3 . 7 6 9 0  1 9 . 8 0 7 5  1 6 . 9 7 7 9  1 4 . 8 5 5 6  1 3 . 2 0 5 0  1 1 . 8 8 4 5  1 0 . 8 0 4 1  9 . 9 0 3 8
9 . 1 4 1 9
6 9 . 2 6 3 8  4 6 . 1 7 5 9  3 4 . 6 3 1 9  2 7 . 7 0 5 5  2 3 . 0 8 7 9  1 9 . 7 8 9 7  1 7 . 3 1 6 0  1 5 . 3 9 2 0  1 3 . 8 5 2 8  1 2 . 5 9 3 4  1 1 . 5 4 4 0
1 0 . 6 5 6 0
7 8 . 4 3 4 0  5 2 . 2 8 9 3  3 9 . 2 1 7 0  3 1 . 3 7 3 6  2 6 . 1 4 4 7  2 2 . 4 0 9 7  1 9 . 6 0 8 5  1 7 . 4 2 9 8  1 5 . 6 8 6 8  1 4 . 2 6 0 7  1 3 . 0 7 2 3
1 2 . 0 6 6 8
8 6 . 9 3 4 5  5 7 . 9 5 6 3  4 3 . 4 6 7 2  3 4 . 7 7 3 8  2 8 . 9 7 8 2  2 4 . 8 3 8 4  2 1 . 7 3 3 6  1 9 . 3 1 8 8  1 7 . 3 8 6 9  1 5 . 8 0 6 3  1 4 . 4 8 9 1
1 3 . 3 7 4 5
9 4 . 7 9 5 2  6 3 . 1 9 6 8  4 7 . 3 9 7 6  3 7 . 9 1 8 1  3 1 . 5 9 8 4  2 7 . 0 8 4 3  2 3 . 6 9 8 8  2 1 . 0 6 5 6  1 8 . 9 5 9 0  1 7 . 2 3 5 5  1 5 . 7 9 9 2
1 4 . 5 8 3 9
1 0 2 . 0 5 9 2  6 8 . 0 3 9 5  5 1 . 0 2 9 6  4 0 . 8 2 3 7  3 4 . 0 1 9 7  2 9 . 1 5 9 8  2 5 . 5 1 4 8  2 2 . 6 7 9 8  2 0 . 4 1 1 8  1 8 . 5 5 6 2  1 7 . 0 0 9 9
1 5 . 7 0 1 4
1 0 8 . 7 7 4 1  7 2 . 5 1 6 1  5 4 . 3 8 7 1  4 3 . 5 0 9 7  3 6 . 2 5 8 0  3 1 . 0 7 8 3  2 7 . 1 9 3 5  2 4 . 1 7 2 0  2 1 . 7 5 4 8  1 9 . 7 7 7 1  1 8 . 1 2 9 0
1 6 . 7 3 4 5
1 1 4 . 9 8 7 6  7 6 . 6 5 8 4  5 7 . 4 9 3 8  4 5 . 9 9 5 1  3 8 . 3 2 9 2  3 2 . 8 5 3 6  2 8 . 7 4 6 9  2 5 . 5 5 2 8  2 2 . 9 9 7 5  2 0 . 9 0 6 8  1 9 . 1 6 4 6
1 7 . 6 9 0 4
1 2 0 . 7 4 5 2  8 0 . 4 9 6 8  6 0 . 3 7 2 6  4 8 . 2 9 8 1  4 0 . 2 4 8 4  3 4 . 4 9 8 6  3 0 . 1 8 6 3  2 6 . 8 3 2 3  2 4 . 1 4 9 0  2 1 . 9 5 3 7  2 0 . 1 2 4 2
1 8 . 5 7 6 2
1 2 6 . 0 8 9 1  8 4 . 0 5 9 4  6 3 . 0 4 4 5  5 0 . 4 3 5 6  4 2 . 0 2 9 7  3 6 . 0 2 5 4  3 1 . 5 2 2 3  2 8 . 0 1 9 8  2 5 . 2 1 7 8  2 2 . 9 2 5 3  2 1 . 0 1 4 8
1 9 . 3 9 8 3
♦♦ R e f e r e n c e  c o n d i t i o n s
♦ p r s r  1 4 . 7  ♦ t e m r  60 ♦ p s u r f  1 4 . 7  ♦ t s u r f  60
♦♦ PRSR 6 0 0 . 0  ♦♦  r e f e r e n c e  p r e s s u r e .  c o r r e s p o n d i n g  t o  t h e  d e n s i t y
♦♦ TEMR 1 7 5 . 0  ♦♦ r e f e r e n c e  t e m p e r a t u r e ,  c o r r e s p o n d i n g  t o  t h e  d e n s i t y
♦♦  PSURF 1 4 . 7  ♦♦ p r e s s u r e  a t  s u r f a c e .  f o r  r e p o r t i n g  w e l l  r a t e s ,  e t c .
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♦♦ TSURF 6 2 . 3  ♦♦ t e m p e r a t u r e  a t  s u r f a c e ,  f o r  r e p o r t i n g  w e l l  r a t e s ,  e t c .
* *  = == == == == == == = ROCK-FLUID PROPERTIES
♦ r o c k f l u i d
♦ s w t  ♦♦ W a t e r - o i l r e l a t i v e  p e r m e a b i l i t i e s
♦♦  S i w  = S w i r  = 0 . 2 4 S o r w  = 0 . 3 S o r g  = 0 . 1 S g c  = 1
♦♦  K r o i w  = 0 . 4 K r w r o  = 0 . 1 K r g r o  = 0 . 2
♦♦  Sw Krw Krow
0 . 2 4 0 0
0 . 2 8 1 8 1 8 0 . 0 0 0 2 4 9 0 . 3 3 0 5 7 9
0 . 3 2 3 6 3 6 0 . 0 0 1 4 1 0 . 2 6 7 7 6 9
0 . 3 6 5 4 5 5 0 . 0 0 3 8 8 4 0 . 2 1 1 5 7
0 . 4 0 7 2 7 3 0 . 0 0 7 9 7 4 0 . 1 6 1 9 8 3
0 . 4 4 9 0 9 1 0 . 0 1 3 9 3 0 . 1 1 9 0 0 8
0 . 4 9 0 9 0 9 0 . 0 2 1 9 7 3 0 . 0 8 2 6 4 5
0 . 5 3 2 7 2 7 0 . 0 3 2 3 0 5 0 . 0 5 2 8 9 3
0 . 5 7 4 5 4 5 0 . 0 4 5 1 0 7 0 . 0 2 9 7 5 2
0 . 6 1 6 3 6 4 0 . 0 6 0 5 5 1 0 . 0 1 3 2 2 3
0 . 6 5 8 1 8 2 0 . 0 7 8 7 9 9 0 . 0 0 3 3 0 6
0 . 7 0 . 1 0
♦♦SL 
★ ★
♦♦ L i q u i d - - g a s  r e l a t i v e  p e r m e a b i l i t i e s
J K r g K r o g
0 . 2 4 0 . 2 0
0 . 3 4 0 . 1 5 8 7 1 2 0
0 . 3 7 7 5 0 . 1 4 4 0 6 8 0 . 0 0 0 6 4 6
0 . 4 1 5 0 . 1 2 9 9 0 4 0 . 0 0 5 1 6 5
0 . 4 5 2 5 0 . 1 1 6 2 3 7 0 . 0 1 1 6 2 2
0 . 4 9 0 . 1 0 3 0 8 6 0 . 0 2 0 6 6 1
0 . 5 2 7 5 0 . 0 9 0 4 7 3 0 . 0 3 2 2 8 3
0 . 5 6 5 0 . 0 7 8 4 2 1 0 . 0 4 6 4 8 8
0 . 6 0 2 5 0 . 0 6 6 9 5 7 0 . 0 6 3 2 7 5
0 . 6 4 0 . 0 5 6 1 1 3 0 . 0 8 2 6 4 5
0 . 6 7 7 5 0 . 0 4 5 9 2 8 0 . 1 0 4 5 9 7
0 . 7 1 5 0 . 0 3 6 4 4 7 0 . 1 2 9 1 3 2
0 . 7 5 2 5 0 . 0 2 7 7 2 6 0 . 1 5 6 2 5
0 . 7 9 0 . 0 1 9 8 3 9 0 . 1 8 5 9 5
0 . 8 2 7 5 0 . 0 1 2 8 8 6 0 . 2 1 8 2 3 3
0 . 8 6 5 0 . 0 0 7 0 1 4 0 . 2 5 3 0 9 9
0 . 9 0 2 5 0 . 0 0 2 4 8 0 . 2 9 0 5 4 8
0 . 9 4 0 . 0 . 3 3 0 5 7 9
1 0 . 0 . 4
★★ =  =  =  =  = 
♦ i n i t i a l
I N I T I A L  CONDITIONS
♦♦ A u t o m a t i c  s t a t i c  v e r t i c a l  e q u i l i b r i u m -  v e r t i c a l - o n  - r e f p r e s = 7 5  p s i  r e f e r e n c e  p r e s s u r e  
♦♦ p s t e p = 3  v e r t i c a l  e q u i l i b r i u m  i s  d o n e  w i t h  3 t i m e s t e p s  w i t h  z e r o  s o u r c e s  a n d  s i n k s . 
♦ v e r t i c a l  ♦ o n  ♦ p s t e p  75 ♦ r e f p r e s  6 0 0 0  ♦ r e f d e p t h  8 2 0 5  ♦ r e f b l o c k  1 1 1
♦SW ♦ c o n  0 . 3 5  
♦SW # i v a r
♦♦ S o = 0 . 0 1  b y  d i f f e r e n c e ,  s i n c e  Sg  = 0 . 6 4
♦♦ *SG ♦ c o n  
♦SG # i v a r
0 . 9 9 9  0 . 6 7 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  
0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  
0 . 6 4  ♦♦ i n i t i a l  g a s  s a t u r a t i o n  i s  0 . 5 4
0 . 0  0 . 0  0 . 0  0 . 0  0 . 2 7  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  
0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4
♦ t e m p  ♦ c o n  2 8 0 .
★ ★ 1
♦♦ ' H 2 0 '
♦♦ ♦ m o l e f r a c  ♦ g a s  ♦ c o n
2 3 4 5 6 7
' C 2 1 + '  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4 ' ' C 0 2 '
4 ^ 0 . 0  0 . 0 0 0 1  0 . 9 9 9 9  0 . 0
9
N 2 ' ' 0 2 '
0. 0  0. 0
10 11 
' C O '  'COKE'  
0 . 0
♦♦ I n i t i a l  p e t r o l e u m  p h a s e  f r a c t i o n  a r e : C 2 1 + = 0 . 3 5 8 7 5 5 4 8  C l l - 2 0 = 0 . 3 7 3 6 0 9 0 6
♦♦ C 6 - 1 0 = 0 . 1 9 2 9 3 2 9 2  C l - 5  = 0 . 0 7 4 7 0 2 5 5
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* ★ 1 2  3 4 5 6 7 8 9 10
**
♦ m o l e f r a c  ^ 0 1 1  ♦ c o n
' H 2 0 '  ' C 2 1 + '  ' C 1 0 - 2 0 '  
0 . 0  0 . 1 3 9 9  0 . 1 6 0 5
' C 6 - 9 ' ' C 2 - 5 '  ' C H4 ' 
0 . 0 6 0 4 7  0 . 2 3 9 1  0 . 2 2 9
' C 0 2 ' 
0 . 0




* *  ==== == == == === = NUMERICAL CONTROL ======================
♦ n u m e r i c a l  ♦♦  A l l  t h e s e  c a n  b e  d e f a u l t e d .  T h e  d e f i n i t i o n s  
♦♦ h e r e  m a t c h  t h e  p r e v i o u s  d a t a .
♦DTMAX 0 . 2 5  
♦♦  ♦DTMAX . 0 1  
♦♦  ♦DTMAX 0 . 2 5  
♦♦  ♦DTMAX 1 . 5  
♦ m a x s t e p s  7 3 0 0 0  
♦ u n r e l a x  - 1  
♦ n o r m  p r e s s  2 8 0  s a t u r  0 . 3 9  
♦ c o n v e r g e
♦ p r e s s  4 . 3 5  
♦ s a t u r  0 . 0 4 9  
♦ t e m p  1 . 7 9  
♦ y  0 . 0 9  
♦ x  0 . 0 9  
♦w 0 . 0 9  
♦ z o  0 . 0 4  
♦ z n c g  0 . 0 4  
♦ z a q  0 . 5  
♦ w e l l r e s  1 
♦ m a t b a l t o l  1
♦ n o r t h  10  ♦ n e w t o n c y c  29  ♦ i t e r m a x  12 0  
♦ p i v o t  #o n  ♦ p v t o s c m a x  15 
t e m p  2 50
♦ r u n
♦♦ = == =========== RECURRENT DATA ======================
♦♦ P r o j e c t  s t a r t s  o n  z e r o  t i m e  a n d  d t w e l .  t h e  s t a r t i n g  t i m e  s t e p  s i z e  i s  0 . 1  d a y s  
t i m e  0 d t w e l l  . 0 0 0 1
** 3
★ *
WELL 1 'DOWNDIP INJECTOR'
♦♦ RAD GEOFAC WFRAC SKIN
GEOMETRY * K  0 . 3 7 5  0 . 2 4 9  1 . 0  0 . 0
INJECTOR m o b w e i g h t  1 
OPERATE MAX g a s  0 .
OPERATE MAX b h p  6 8 0 0 .
♦♦ OPERATE MAX b h p  6 9 0 0 .
♦ ♦ 1 2  3
♦♦ ' H 2 0 '  ' C 2 1 + ' ' C l l - 2 0 '  ' C 6 - 1 0 '
INCOMP GAS 6 ^ 0 .
TINJOV 2 50
♦♦ g e o m e t r y  - 1 0  0 0 
PERF GEO 1 
♦♦ i  j
2 2 : 8
f f
1
♦♦ Maximum G a s  I n j e c t i o n  R a t e  15  - 4 . 5MMSCFD 
♦♦ Maximum I n j e c t i o n  B H P r e s s u r e  6 9 0 0  -  6 7 0 0  p s i  
♦♦ Maximum I n j e c t i o n  B H P r e s s u r e  6 9 0 0  - 6 7 0 0  p s i  
4 5 6 7 8 9 10
C l - 5 '  ' C 0 2 ' ' N 2 ' ' 0 2 '  ' C O '  'COKE'
-0 0 . 7 9  0 . 2 1  0 . 0  
♦♦ A i r  i n j e c t i o n  21% 0 2  & 79% N2 
♦♦ I n j e c t i o n  G a s  T e m p e r a t u r e  3 00  o F  
♦♦ U s e  t u b e - e n d  o p t i o n
i r  j r  k r  w i  = 0 . 0 0 7 0 8 2 ^ k ^ h / l n ( 0 . 5 4r e / r w )
0 . 3 7 5




OPERATE MAX l i q u i d  2 3 0 0  
OPERATE MIN b h p  5 5 0 0  
♦♦ OPERATE MIN b h p  5 1 0 0  







♦♦ o  o  o  o  o
RAD GEOFAC WFRAC SKIN
0 . 2 4 9  1 . 0  0 . 0
♦♦ Maximum L i q u i d  R a t e  2 0 0 0  - 1 6 0 0  B/D 
♦♦ Mi ni mum BHP 5 5 0 0  - 5 9 0 0  p s i  
♦♦ Mi ni mum BHP 5 5 0 0  - 5 9 0 0  p s i  
♦♦ Maximum WOR=9: 1  o r  w a t e r - c u t  90%
i r  j r  k r  w i  = 0 . 0 0 7 0 8 2 ^ k ^ h / l n ( 0 . 5 ^ r e / r w )
TIME 0 . 0 0 0 0 1
TIME 1 . 0
TIME 3 1 . 0
o u t s r f  g r i d  p r e s  sw s o  s g  t e m p  y  x  w s o l c o n c  o b h l o s s
' COKE'
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m a s d e n w  m a s d e n o  m a s d e n g  p c o w  p c o g  v i s w  v i s o  v i s g  
k r w  k r o  k r g  k v a l y w  k v a l y x  c m pd e n w c m p d e n o  c m p v i s w  
c m p v i s o  c m p v i s g  c c h l o s s
9 0 . 0
1 1 5 . 0
1 8 2 . 6 2 5
o u t s r f  g r i d  p r e s  sw s o  s g  t e m p  y  x  w s o l c o n c  o b h l o s s
m a s d e n w  m a s d e n o  m a s d e n g  p c o w  p c o g  v i s w  v i s o  v i s g  
k r w  k r o  k r g  k v a l y w  k v a l y x  c mp d en w c m p d e n o  c m p v i s w  
c m p v i s o  c m p v i s g  c c h l o s s
3 6 5 . 2 5
o u t s r f  g r i d  p r e s  sw  s o  s g  t e m p  y  x  w s o l c o n c  o b h l o s s
m a s d e n w  m a s d e n o  m a s d e n g  p c o w  p c o g  v i s w  v i s o  v i s g  
k r w  k r o  k r g  k v a l y w  k v a l y x  c mp d e n w  c m p d e n o  c m p v i s w  
c m p v i s o  c m p v i s g  c c h l o s s
5 4 7 . 8 7 5
7 3 0 . 5 0
o u t s r f  g r i d  p r e s  sw s o  s g  t e m p  y  x  w s o l c o n c  o b h l o s s
m a s d e n w  m a s d e n o  m a s d e n g  p c o w  p c o g  v i s w  v i s o  v i s g  
k r w  k r o  k r g  k v a l y w  k v a l y x  c mp d en w c m p d e n o  c m p v i s w  
c m p v i s o  c m p v i s g  c c h l o s s
9 1 3 . 1 2 5
1 0 9 5 . 7 5
1 4 6 1 .
o u t s r f  g r i d  p r e s  s w  s o  s g  t e m p  y  x  w s o l c o n c  o b h l o s s
m a s d e n w  m a s d e n o  m a s d e n g  p c o w  p c o g  v i s w  v i s o  v i s g  
k r w  k r o  k r g  k v a l y w  k v a l y x  c m pd e n w c m p d e n o  c m p v i s w  
c m p v i s o  c m p v i s g  c c h l o s s
1 8 2 6 . 2 5
2 1 9 1 . 5
2 5 5 6 . 7 5
2 9 2 2 .
o u t s r f  g r i d  p r e s  sw s o  s g  t e m p  y  x  w s o l c o n c  o b h l o s s
m a s d e n w  m a s d e n o  m a s d e n g  p c o w  p c o g  v i s w  v i s o  v i s g  
k r w  k r o  k r g  k v a l y w  k v a l y x  c mp d en w  c m p d e n o  c m p v i s w  
c m p v i s o  c m p v i s g  c c h l o s s
3 2 8 7 . 2 5
o u t s r f  g r i d  p r e s  s w  s o  s g  t e m p  y  x  w s o l c o n c  o b h l o s s
m a s d e n w  m a s d e n o  m a s d e n g  p c o w  p c o g  v i s w  v i s o  v i s g  
k r w  k r o  k r g  k v a l y w  k v a l y x  c mp de n w c m p d e n o  c m p v i s w  
c m p v i s o  c m p v i s g  c c h l o s s
3 6 5 0
o u t s r f  g r i d  p r e s  s w  s o  s g  t e m p  y  x  w s o l c o n c  o b h l o s s
m a s d e n w  m a s d e n o  m a s d e n g  p c o w  p c o g  v i s w  v i s o  v i s g  
k r w  k r o  k r g  k v a l y w  k v a l y x  c mp d e n w  c m p d e n o  c m p v i s w  
c m p v i s o  c m p v i s g  c c h l o s s
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★          —          —
♦♦ GAS CYCLING IN GAS CONDENSATE RESERVOIR UPDIP HP-  DOWNDIP H I .
♦♦ HORIZONTAL PRODUCER DOWNDIP (HP) —  HORIZONTAL INJECTOR UPDIP ( H I ) .
♦♦ =======================GC_COND_ISC_HPHI . DAT==================
* * -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
♦♦ T h i s  i s  STARS d a t a  s e t  f o r  C o n d e n s a t e  F i e l d  S c a l e  I n - S i t u  C o m b u s t i o n
♦♦ GAS CONDENSATE RESERVOIR WITH OI L RIM GAS ( CH4) CYCLING PREDICTION CASE-MR = 1 . 2 7 3 5  ME 
♦♦ DOWDIP HORIZONTAL PRODUCER & UPDIP HORIZONTAL INJECTOR-  MISCIBLE DISPLACEMENT.
♦♦ BASED ON CLAIR/AUSTRALIAN CRUDE TYPE CHEMICAL REACTION KINETICS &
**  NORTH SEA GAS CONDENSATE RESERVOIR PVT COMPOSITION 
♦♦ F e a t u r e s :
♦♦  1 )  N i n e - p o i n t  d i s c r e t i z a t i o n  i n  t h e  a r e a l  p l a n e .
♦♦  2 )  D i s t i n c t  p e r m e a b i l i t y  l a y e r i n g .
♦♦ 3 )  F i v e  h y d r o c a r b o n  c o m p o n e n t s ,  1 1  p s e u d o - c o m p o n e n t s  i n  t o t a l
♦♦  4 )  A u t o m a t i c  i n i t i a l  v e r t i c a l  e q u i l i b r i u m  c a l c u l a t i o n .
**  5 )  M u l t i - l a y e r  w e l l  w i t h  a d d i t i o n a l  i n j e c t i o n  a n d  p r o d u c t i o n
♦♦ o p e r a t i n g  c o n s t r a i n t s .
**  6 )  F o u r  c h e m i c a l  r e a c t i o n s :
♦♦ ( a )  c r a c k i n g  o f  l i g h t  o i l  t o  c o k e .
♦♦ ( b )  g a s  b u r n i n g .
♦♦ ( c )  l i g h t  a n d  h e a v y  o i l  b u r n i n g .
♦♦ ( d )  c o k e  b u r n i n g .
♦♦ B u r n i n g  p r o d u c e s  w a t e r  a n d  C0+C02 m i x t u r e .
♦♦ 7 )  C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  o n :  MR = 1 . 2 7 3 5  ME 
♦♦ 8 )  H i g h  i n i t i a l  p r e s s u r e  6 0 0 0  p s i a .
♦♦ 9 )  S i m u l a t i o n  s t o p s  w h e n  p r o d u c i n g  e n d  r e a c h e s  6 00  F .
* * -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
** ============== INPUT/OUTPUT CONTROL ======================
f i l e n a m e  o u t p u t  i n d e x - o u t  m a i n - r e s u l t s - o u t  ♦♦ U s e  d e f a u l t  f i l e  n a m e s
♦ t i t l e l  'GAS CYCLING IN GAS CONDENSATE RESERVOIR PREDICTION C A S E . '  
* T i t l e 2  'GAS CONDENSATE RESERVOIR WITH O I L '
* t i t l e 3  ' UP DI P  HORIZONTAL PRODUCER - DOWNDIP HORIZONTAL INJECTOR'  
♦ i n u n i t  * f i e l d  ♦♦ o u t p u t  s a m e  a s  i n p u t  
♦ o u t p r n  * g r i d  * a l l
♦♦ ♦ o u t p r n  * g r i d  * p r e s  * sw  * s o  ♦ s g  * t e m p  *y  ♦x  *w * s o l c o n c  
♦ o b h l o s s  ♦ v i s o  
♦ o u t p r n  ♦ w e l l  ♦ a l l
♦ w r s t  20  ♦ w p r n  ♦ g r i d  3 0 0  #w p r n  ♦ i t e r  3 00  
♦REWIND 1
♦DIM ♦MDPTGL 14
♦♦ ♦RESTART 9 1 4 0  
♦♦ INDEX-IN ' I S C _ H P H I . I R F 1
o u t s r f  g r i d  a l l
♦♦ o u t s r f  g r i d  p r e s  s o  s g  t e m p
o u t s r f  s p e c i a l  m a t b a l  w e l l  2 ♦♦ C u m u l a t i v e  l i t e  o i l  p r o d u c e d
m a t b a l  w e l l  3 ♦♦ C u m u l a t i v e  medm o i l  p r o d u c e d
m a t b a l  w e l l  4 ♦♦ C u m u l a t i v e  h e v y  o i l  p r o d u c e d
o b h l o s s  ♦♦ C u m u l a t i v e  h e a t  l o s s
b l k v a r  s g  0 1 ♦♦ T e m p e r a t u r e  i n  b l o c k  ( 1 . 1 . 1 )
b l k v a r  s o  0 23 ♦♦ O i l  s a t u r a t i o n
b l k v a r  p r e s  0 23 ♦♦ P r e s s u r e
♦ PARTCLMLWT 1 3 . 6  ♦♦ COKE ( C H I . 6)  MOLECULAR WEIGHT I S  1 3 . 6
GRID AND RESERVOIR DEFINITION
♦ g r i d  ♦ v a r i  22  9 5
♦ d i  ♦ i v a r  3 8 4 . 8  3 ^ 1 9 2 . 4 1  1 7 ^ 9 6 . 2 1  1 4 4 . 3 2  
♦ d j  ♦ c o n  9 6 . 2 1
♦ d k  ♦ k v a r  3 5 . 7  3 5 . 2  3 4 . 8  3 4 . 5  3 4 . 6  
♦♦ ♦ d t o p  ♦ i v a r
♦♦ ♦ DI P  8 1 . 8  0 . 0
"Numerical Simulation of In-Situ Combustion Processes in High Pressure Light and Medium Petroleum Reservoirs."
Appendix-VI Simulation Data Hies of Condensate Field Scale Studies, John Tingas 9/3/2000
448
♦ d e p t h  ♦ i v a r
8 6 2 0  8 6 0 0  8 5 8 0  8 5 6 0  8 5 4 0  8 5 2 0  8 5 0 0  8 4 8 0  8 4 6 0  8 4 4 0  8 4 2 0  8 4 0 0  
8 3 8 0  8 3 6 0  8 3 4 0  8 3 2 0  8 3 0 0  8 2 8 0  8 2 6 0  8 2 4 0  8 2 2 0  8 2 0 0  
♦♦ 8 3 9 0  8 3 8 0  8 3 7 0  8 3 6 0  8 3 5 0  8 3 4 0  8 3 3 0  8 3 2 0  8 3 1 0  8 3 0 0  8 2 9 0  8 2 8 0
♦♦ 8 2 7 0  8 2 6 5  8 2 6 0  8 2 5 5  8 2 5 0  8 2 4 0  8 2 3 0  8 2 2 0  8 2 1 0  8 2 0 0
♦ p o r  ♦ c o n  0 . 1 9 2 6 4
♦ p e r m i  ♦ k v a r  3 ^ 1 1 0 0 . 0  2 ^ 1 3 0 0 . 0
♦ p e r m j  ♦ e q u a l s i
♦ p e r m k  ♦ e q u a l s i  /  10
♦♦ ♦ p e r m i  ♦ k v a r  3 ^ 1 0 8 2 - 8 7 2  2 - 6 7 2 # 9 9 7 - 6 9 7 . 6 - 5 9 7  ♦ p e r m j  ♦ e q u a l s i  ♦ p e r m k  ♦ e q u a l s i  /  10 
♦END-GRID
♦ c p o r  6 . 1 2 3 e - 5  
♦ p r p o r  1 0 0 0  
♦ r o c k c p  3 5 . 6
♦ t h c o n r  36  ♦ t h c o n w  36 ^ t h c o n o  36  ♦ t h c o n g  36
♦ h l o s s p r o p  o v e r b u r  3 5 . 6  36  u n d e r b u r  3 5 . 6  36
**  ============== FLUID d e f i n i t i o n s  ======================
♦♦ NORTH SEA LIGHT OI L (BR_5CPVT.XLS)
♦ m o d e l  1 1  10  8 ♦♦ N u m be r  o f  n o n c o n d e n s i b l e  g a s e s  i s  n u m y - n u m x  = 2
♦♦ N u m be r  o f  s o l i d  c o m p o n e n t s  i s  n c o m p - n u m y  = 1 
♦♦ N2 & C02 s o l u b l e  i n  t h e  l i q u i d  p e t r o l e u m  p h a s e
♦♦ 0 2  & CO o n l y  i n  t h e  g a s  p h a s e  i n s o l u b l e  i n  t h e  l i q u i d  p e t r o l e u m  p h a s e
♦ c o mp n a m e  ' H 2 0 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4 ' ' C 0 2 '  ' N 2 '  ' 0 2 '  ' C O '  'COKE'
★ ★   __
♦cmm 18 3 6 1 . 5 2  1 8 3 . 0 0  1 0 5 . 5 9  4 0 . 5 2  1 6 . 0 4 3  4 4 . 0 1  2 8 . 0 1 3  32 2 8 . 0 1
♦ p c r i t  3 1 5 5  3 5 7 . 8 6  2 9 9 . 8 0  3 8 3 . 0 8  6 4 5 . 6 2  6 6 7 . 2  1 0 7 1 . 0  4 9 2 . 3 1  7 3 0  5 0 7 . 5
♦ t c r i t  7 0 5 . 7  1 0 6 6 . 2 4  7 5 0 . 5 6  5 3 6 . 2 6  1 6 8 . 2 9  - 1 1 6 . 5 9  8 7 . 5 6  - 2 3 2 . 5 1  - 1 8 1 . 7 2  - 2 2 0 . 7 8
♦ a v g  0 3 . 9 2 6 e - 6  3 . 8 7 6 e - 6  3 . 1 5 6 e - 6  2 . 1 6 6 e - 6  2 . 1 2 7 e - 4  2 . 1 9 6 0 e - 4  2 . 1 9 6 0 e - 4  2 . 1 9 6 0 e - 4  2 . 1 9 6 0 e - 4
♦ b v g  0 1 . 1 0 2  1 . 0 5 6  1 . 0 0 5  0 . 9 4 3  0 . 7 2 1  0 . 7 2 1  0 . 7 2 1  0 . 7 0 2  0 . 7 0 2
♦ c o mp n a m e  ' H 2 0 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4 ' ' C 0 2 '  ' N 2 '  ' 0 2 '  ' C O '  'COKE'
* *
♦ a v i s c  
♦ b v i s c  
♦ m o l d e n  
♦ c p
♦ c omp n ame  
★ ★
♦ c t l  0 1 . 4 e - 4  1 . 4 9 6 e - 4  1 . 9 5 8 e - 4  2 . 5 2 7 e - 4  2 . 6 4 9 e - 4  2 . 8 3 9 e - 4  2 . 8 3 9 e - 4
*★ __________________________________________________________________
♦♦ CHEMICAL REACTION 1 - C r a c k i n g :  C21+ - >  CH4 + C o k e
♦ c om pn a m e  ' H 2 0 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4 ' ' C 0 2 '  ' N 2 '  ' 0 2 '  ' C O '  'COKE'
**                     ____
♦ s t o r e a c  0 1  0 0  0 0 0 0 0 0 0
♦ s t o p r o d  0 0 0 0 ,  0 4 . 9 7 5  0 0 0 0 2 0 . 7 2 9 1
♦♦ C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  o n :  MR = 1 . 2 7 3 5  ME 
♦ f r e q f a c  1 . 2 7 3 5 e 5  ♦ e a c t  3 8 0 0 0  ♦ r e n t h  0 
♦♦ ♦ f r e q f a c  1 . 0 e 5  ♦ e a c t  3 8 0 0 0  ♦ r e n t h  0
♦♦ ♦ f r e q f a c  2 . I e 5  ♦ e a c t  2 5 0 0 0  ♦ r e n t h  0
* *  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
♦♦ CHEMICAL REACTION 2 - C r a c k i n g :  C21+ - >  C 2 -C 5  + C o k e
♦ c o mp n a m e  ' H 2 0 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4 ' ' C 0 2 '  ' N 2 '  ' 0 2 '  ' C O '  'COKE'
**             ____
♦ s t o r e a c  0 1 0 0 0 0 0
♦ s t o p r o d  0 0 0 0 4 . 0 4 5 8  0 0
♦♦ C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  o n :  MR = 1 . 2 7 3 5  ME 
♦ f r e q f a c  0 . 8 9 1 e 5  ♦ e a c t  3 9 0 0 0  ♦ r e n t h  0 
♦♦ ♦ f r e q f a c  0 . 7 e 5  ♦ e a c t  3 9 0 0 0  ♦ r e n t h  0
♦♦ ♦ f r e q f a c  2 . 1 e 5  ♦ e a c t  2 5 0 0 0  ♦ r e n t h  0
*  *  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
♦♦ CHEMICAL REACTION 3 - C r a c k i n g :  C 1 0 - C 2 0  - >  CH4 + C o k e
♦ co mp n a m e  ' H 2 0 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4 ' ' C 0 2 '  ' N 2 '  ' 0 2 '  ' C O '  'COKE'
* *   ____
♦ s t o r e a c  0 0  1 0 0 0 0 0 0 0 0
♦ s t o p r o d  0 0 0 0 0 2 . 9 2 6 8  0 0 0 0 1 0 . 0 1 2 7
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0 0 0 0 
0 0 0 1 4 . 5 2 6 7
0 0 . 1 3 2 6 8 3  0 . 1 3 2 8 2 3  0 . 1 5 2 2 9 6  0 . 1 9 0 2 4 8  0 . 1 3 7 8 4 9  0 . 0 4 4 1 2 6  0 . 1 4 1 2 6 9  
0 1 4 7 8 . 3 2  1 2 9 5 . 3 2  8 5 2 . 6 6  4 7 8 . 5 1  2 0 5 . 4 5  1 0 4 0 . 5 4  1 6 2 . 5 4
0 0 . 0 4 8 1  0 . 1 3 0 9  0 . 2 0 0 0  0 . 2 0 2 4  0 . 4 0 2 4  0 . 6 6 2 3  0 . 6 9 4 4  ♦♦ LBMOLE/FT3
0 3 . 9 e - 6  4 e - 6  4 . 5 e - 6  5 e - 6  6 . 5 e - 6  7 e - 6  7 . 5 e - 6
' H 2 0 ' ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4 ' ' C 0 2 '  ' N 2 '  ' 0 2 '  ' C O '  'COKE'
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**  C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  o n :  MR = 1 . 2 7 3 5  ME
★ f r e q f a c  0 . 5 e 5  * e a c t  4 5 0 0 0  * r e n t h  0 
★* * f r e q f a c  0 . 6 3 7 e 5  * e a c t  4 5 0 0 0  * r e n t h  0 
**  * f r e q f a c  2 . 0 e 5  * e a c t  2 7 0 0 0  * r e n t h  0
■ H r *  --------- --- -------------------------------------------- ---------------------------------------------------------------------------------------- -------------- ------------------ -------------------------------- --- ------- -----------
**  CHEMICAL REACTION 4 -  H e a v y  O i l  B u r n i n g :  C21+ + 0 2  - >  H20 + CO + e n e r g y
♦ c o m p n a m e  ' H 2 0 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4 ' ' C 0 2 '  ' N 2 '  ' 0 2 '  ' C O '  'COKE'
**                     ____
* s t o r e a c  0 1 0 0  0 0  0 0  2 6 . 1 1 8 7  0 0
♦ s t o p r o d  2 6 . 5 3 3 2  0 0 0  0 0  0 0 0  2 5 . 7 0 4 1  0
**  C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  o n :  MR = 1 . 2 7 3 5  ME
* f r e q f a c  3 . 8 4 6 e l 0  * e a c t  1 2 4 0 0  * r e n t h  1 0 2 9 3 . 9  
* *  * f r e q f a c  3 . 8 4 6 e l 0  * e a c t  1 3 5 0 0  * r e n t h  1 0 2 9 3 . 9  
**  * f r e q f a c  3 . 0 2 0 e l 0  * e a c t  1 3 5 0 0  * r e n t h  1 0 2 9 3 . 9  
**  *RTEMLOWR 7 9 0 . 0  
**  *RTEMUPR 7 9 0 . 1
★ *      -------------------------------------------------------------
**  CHEMICAL REACTION 5 -  Me d i um O i l  B u r n i n g :  C 1 0 - C 2 0  + 0 2  - >  H20 + CO + e n e r g y
* c o m p n a m e  ' H 2 0 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4 ' ' C 0 2 '  ' N 2 '  ' 0 2 '  ' C O '  'COKE'
*★                     ____
* s t o r e a c  0 0  1 0 0 0 0 0  1 3 . 4 0 1 6  0 0
♦ s t o p r o d  1 3 . 8 6 3 7  0 0  0 0 0 0 0  0 1 2 . 9 3 9 5  0
**  C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  o n :  MR = 1 . 2 7 3 5  ME
* f r e q f a c  3 . 8 4 6 e l 0  * e a c t  1 4 1 0 0  * r e n t h  4 9 2 0 . 3  
**  * f r e q f a c  3 . 8 4 6 e l 0  * e a c t  1 5 5 0 0  * r e n t h  4 9 2 0 . 3
* *  * f r e q f a c  3 . 0 2 0 e l 0  * e a c t  1 5 5 0 0  * r e n t h  4 9 2 0 . 3
** *RTEMLOWR 7 9 0 . 0  
**  *RTEMUPR 7 9 0 . 1
*  *  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
** CHEMICAL REACTION 6 -  L i g h t  O i l  B u r n i n g :  C6 -C9  + 0 2  - >  H20 + CO + e n e r g y
* c o m p n a m e  ' H 2 0 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4 ' ' C 0 2 '  ' N 2 '  ' 0 2 '  ' C O '  'COKE'
**                     ____
♦ s t o r e a c  0 0 0 1  0 0 0 0  7 . 8 9 8 2  0 0
* s t o p r o d  8 . 3 9 6 5 0  0 0 0 0 0 0 0 7 . 4 0 0
* *  C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  o n :  MR = 1 . 2 7 3 5  ME 
* f r e q f a c  3 . 8 4 6 e l 0  * e a c t  1 4 2 0 0  * r e n t h  2 4 2 0 . 2  
**  * f r e q f a c  3 . 8 4 6 e l 0  * e a c t  1 5 5 0 0  * r e n t h  2 4 2 0 . 2
* *  * f r e q f a c  3 . 0 2 0 e l 0  * e a c t  1 5 5 0 0  * r e n t h  2 4 2 0 . 2
** *RTEMLOWR 7 9 0 . 0  
**  *RTEMUPR 7 9 0 . 1
*  *  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
** CHEMICAL REACTION 7 -  H y d r o c a r b o n  G a s  B u r n i n g :  C 2 - C 5  + 0 2  - >  H20 + CO + e n e r g y
* c o m p na m e  ' H 2 0 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4 ' ' C 0 2 '  ' N 2 '  ' 0 2 '  ' C O '  'COKE'
**                     ____
* s t o r e a c  0 0 0 0  1 0  0 0  3 . 2 2 4 2  0 0
♦ s t o p r o d  3 . 6 8 5 7 6  0 0 0  0 0 0 0 0  2 . 7 6 2 7  0
** C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  o n :  MR = 1 . 2 7 3 5  ME
* f r e q f a c  3 . 8 4 6 e l 0  * e a c t  1 5 0 0 0  * r e n t h  1 4 6 3 . 4
★* * f r e q f a c  3 . 0 2 0 e l 0  * e a c t  1 5 0 0 0  * r e n t h  1 4 6 3 . 4
** *RTEMLOWR 7 9 0 . 0
** *RTEMUPR 7 9 0 . 1
*  *  --------------------------------------------------------------------------------------------------------------------------------------------------
** CHEMICAL REACTION 8 -  C o k e  B u r n i n g :  C o k e  + 0 2  - >  H20 + C02 + e n e r g y
♦ c om pn a m e  ' H 2 0 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4 ' ' C 0 2 '  ' N 2 '  ' 0 2 '  ' C O '  'COKE'
**                     ____
* s t o r e a c  0 0  0 0 0 0 0 0 1 . 4 0  1
* s t o p r o d  0 . 8 0  0 0 0 0 1 0 0 0  0
* f r e q f a c  3 . 0 e 5  * e a c t  5 5 0 0  * r e n t h  4 6 1 . 3  
**  *RTEMLOWR 7 9 0 . 0  
**  *RTEMUPR 7 9 0 . 1
* *  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
** CHEMICAL REACTION 9 - G a s  b u r n i n g :  CH4 + 2 02  - >  2H20 + C02 + e n e r g y
* c o m p na m e  ' H 2 0 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' C H 4 ' ' C 0 2 '  ' N 2 '  ' 0 2 '  ' C O '  'COKE'
*★                     ____
* s t o r e a c  0 0  0 0 0 1 0 0 1 . 5 0  0
* s t o p r o d  2 0  0 0 0 0 0 0 0 1 0
* *  C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  o n :  MR = 1 . 2 7 3 5  ME
* f r e q f a c  3 . 8 4 6 e l 0  * e a c t  1 5 0 0 0  * r e n t h  1 4 6 3 . 4
** * f r e q f a c  3 . 0 2 0 e l 0  * e a c t  5 9 4 5 0  * r e n t h  5 0 2 . 5 3 3  ** R e a c t i o n  E n t h a l p y
** *RTEMLOWR 7 9 0 . 0
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* *  *RTEMUPR 7 9 0 . 1
*  *  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
** CHEMICAL REACTION 1 0  - C a r b o n  M o n o x i d e  b u r n i n g :  CO + 0 . 5  0 2  - >  C02 + e n e r g y
*c om pn a me  ' H 2 0 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4 ' ' C 0 2 '  ' N 2 '  ' 0 2 '  ' C O '  'COKE'
**                      ____
♦ s t o r e a c  0 0 0 0 0 0 0 0 0 . 5 1  0
♦ s t o p r o d  0 0  0 0 0 0 1 0  0 0 0
**  C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  o n :  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  1 . 9 1 e 5  * e a c t  3 2 5 0  * r e n t h  2 . 8 3 8 E 5
*★ * f r e q f a c  1 . 5 e 5  * e a c t  3 2 5 0  * r e n t h  2 . 8 3 8 E 5
**  *RTEMLOWR 7 9 0 . 0
**  *RTEMUPR 7 9 0 . 1
* ★
* s o l d e n  4 . 4
* *  P s e u d o c o m p o n e n t  K v a l u e  t a b l e s  f o r  p r e s s u r e s  5 0 0  p s i  & 6 5 0 0  p s i  1 0 0  F t o  1 3 0 0  I 
i n t e r v a l s
** * k v t a b l i m  5 0 0  6 5 0 0  1 0 0  1 3 0 0
* k v t a b l i m  5 0 0 .  3 2 5 0  1 0 0 .  1 3 0 0 .
** l o w / h i g h  p r e s s u r e ;  l o w / h i g h
* k v t a b l e  2 **  K v a l u e  t a b l e  f o r  C21+
1 . 4 9 1 E - 0 5  9 . 9 4 1 E - 0 6  7 . 4 5 6 E - 0 6  5 . 9 6 5 E - 0 6  4 . 9 7 1 E - 0 6  4 . 2 6 0 E - 0 6  3 . 7 2 8 E - 0 6
2 . 9 8 2 E - 0 6  2 . 7 1 1 E - 0 6  2 . 4 8 5 E - 0 6  2 . 2 9 4 E - 0 6
1 . 9 3 1 E - 0 4  1 . 2 8 7 E - 0 4  9 . 6 5 5 E - 0 5  7 . 7 2 4 E - 0 5  6 . 4 3 6 E - 0 5  5 . 5 1 7 E - 0 5  4 . 8 2 7 E - 0 5
3 . 8 6 2 E - 0 5  3 . 5 1 1 E - 0 5  3 . 2 1 8 E - 0 5  2 . 9 7 1 E - 0 5
1 . 2 7 4 E - 0 3  8 . 4 9 6 E - 0 4  6 . 3 7 2 E - 0 4  5 . 0 9 8 E - 0 4  4 . 2 4 8 E - 0 4  3 . 6 4 1 E - 0 4  3 . 1 8 6 E - 0 4
2 . 5 4 9 E - 0 4  2 . 3 1 7 E - 0 4  2 . 1 2 4 E - 0 4  1 . 9 6 1 E - 0 4
5 . 4 2 3 E - 0 3  3 . 6 1 5 E - 0 3  2 . 7 1 2 E - 0 3  2 . 1 6 9 E - 0 3  1 . 8 0 8 E - 0 3  1 . 5 4 9 E - 0 3  1 . 3 5 6 E - 0 3
1 . 0 8 5 E - 0 3  9 . 8 6 0 E - 0 4  9 . 0 3 9 E - 0 4  8 . 3 4 3 E - 0 4
1 . 7 0 7 E - 0 2  1 . 1 3 8 E - 0 2  8 . 5 3 4 E - 0 3  6 . 8 2 7 E - 0 3  5 . 6 8 9 E - 0 3  4 . 8 7 7 E - 0 3  4 . 2 6 7 E - 0 3
3 . 4 1 4 E - 0 3  3 . 1 0 3 E - 0 3  2 . 8 4 5 E - 0 3  2 . 6 2 6 E - 0 3
4 . 3 2 7 E - 0 2  2 . 8 8 4 E - 0 2  2 . 1 6 3 E - 0 2  1 . 7 3 1 E - 0 2  1 . 4 4 2 E - 0 2  1 . 2 3 6 E - 0 2  1 . 0 8 2 E - 0 2
8 . 6 5 3 E - 0 3  7 . 8 6 7 E - 0 3  7 . 2 1 1 E - 0 3  6 . 6 5 6 E - 0 3
9 . 3 4 3 E - 0 2  6 . 2 2 8 E - 0 2  4 . 6 7 1 E - 0 2  3 . 7 3 7 E - 0 2  3 . 1 1 4 E - 0 2  2 . 6 6 9 E - 0 2  2 . 3 3 6 E - 0 2
1 . 8 6 9 E - 0 2  1 . 6 9 9 E - 0 2  1 . 5 5 7 E - 0 2  1 . 4 3 7 E - 0 2
1 . 7 8 5 E - 0 1  1 . 1 9 0 E - 0 1  8 . 9 2 7 E - 0 2  7 . 1 4 2 E - 0 2  5 . 9 5 1 E - 0 2  5 . 1 0 1 E - 0 2  4 . 4 6 3 E - 0 2
3 . 5 7 1 E - 0 2  3 . 2 4 6 E - 0 2  2 . 9 7 6 E - 0 2  2 . 7 4 7 E - 0 2
3 . 1 0 2 E - 0 1  2 . 0 6 8 E - 0 1  1 . 5 5 1 E - 0 1  1 . 2 4 1 E - 0 1  1 . 0 3 4 E - 0 1  8 . 8 6 2 E - 0 2  7 . 7 5 5 E - 0 2
6 . 2 0 4 E - 0 2  5 . 6 4 0 E - 0 2  5 . 1 7 0 E - 0 2  4 . 7 7 2 E - 0 2
4 . 9 9 6 E - 0 1  3 . 3 3 1 E - 0 1  2 . 4 9 8 E - 0 1  1 . 9 9 9 E - 0 1  1 . 6 6 5 E - 0 1  1 . 4 2 8 E - 0 1  1 . 2 4 9 E - 0 1
9 . 9 9 3 E - 0 2  9 . 0 8 4 E - 0 2  8 . 3 2 7 E - 0 2  7 . 6 8 7 E - 0 2
7 . 5 7 1 E - 0 1  5 . 0 4 7 E - 0 1  3 . 7 8 5 E - 0 1  3 . 0 2 8 E - 0 1  2 . 5 2 4 E - 0 1  2 . 1 6 3 E - 0 1  1 . 8 9 3 E - 0 1
1 . 5 1 4 E - 0 1  1 . 3 7 7 E - 0 1  1 . 2 6 2 E - 0 1  1 . 1 6 5 E - 0 1
1 . 0 9 1 1 6  0 . 7 2 7 4 4  5 . 4 5 6 E - 0 1  4 . 3 6 5 E - 0 1  3 . 6 3 7 E - 0 1  3 . 1 1 8 E - 0 1  2 . 7 2 8 E - 0 1
2 . 1 8 2 E - 0 1  1 . 9 8 4 E - 0 1  1 . 8 1 9 E - 0 1  1 . 6 7 9 E - 0 1
1 . 5 0 8 6 7  1 . 0 0 5 7 8  0 . 7 5 4 3 4  6 . 0 3 5 E - 0 1  5 . 0 2 9 E - 0 1  4 . 3 1 0 E - 0 1  3 . 7 7 2 E - 0 1
3 . 0 1 7 E - 0 1  2 . 7 4 3 E - 0 1  2 . 5 1 4 E - 0 1  2 . 3 2 1 E - 0 1
* k v t a b l e  3 **  K v a l u e  t a b l e  f o r  C 1 1 - C 2 0
6 . 0 0 3 E - 0 4  4 . 0 0 2 E - 0 4  3 . 0 0 1 E - 0 4  2 . 4 0 1 E - 0 4  2 . 0 0 1 E - 0 4  1 . 7 1 5 E - 0 4  1 . 5 0 1 E - 0 4
1 . 2 0 1 E - 0 4  1 . 0 9 1 E - 0 4  1 . 0 0 0 E - 0 4  9 . 2 3 5 E - 0 5
3 . 9 3 5 E - 0 3  2 . 6 2 3 E - 0 3  1 . 9 6 7 E - 0 3  1 . 5 7 4 E - 0 3  1 . 3 1 2 E - 0 3  1 . 1 2 4 E - 0 3  9 . 8 3 7 E - 0 4
7 . 8 7 0 E - 0 4  7 . 1 5 4 E - 0 4  6 . 5 5 8 E - 0 4  6 . 0 5 4 E - 0 4
1 . 5 7 3 E - 0 2  1 . 0 4 8 E - 0 2  7 . 8 6 3 E - 0 3  6 . 2 9 1 E - 0 3  5 . 2 4 2 E - 0 3  4 . 4 9 3 E - 0 3  3 . 9 3 2 E - 0 3
3 . 1 4 5 E - 0 3  2 . 8 5 9 E - 0 3  2 . 6 2 1 E - 0 3  2 . 4 1 9 E - 0 3
4 . 5 5 4 E - 0 2  3 . 0 3 6 E - 0 2  2 . 2 7 7 E - 0 2  1 . 8 2 2 E - 0 2  1 . 5 1 8 E - 0 2  1 . 3 0 1 E - 0 2  1 . 1 3 9 E - 0 2
9 . 1 0 8 E - 0 3  8 . 2 8 0 E - 0 3  7 . 5 9 0 E - 0 3  7 . 0 0 6 E - 0 3
1 . 0 5 7 E - 0 1  7 . 0 4 5 E - 0 2  5 . 2 8 4 E - 0 2  4 . 2 2 7 E - 0 2  3 . 5 2 2 E - 0 2  3 . 0 1 9 E - 0 2  2 . 6 4 2 E - 0 2
2 . 1 1 3 E - 0 2  1 . 9 2 1 E - 0 2  1 . 7 6 1 E - 0 2  1 . 6 2 6 E - 0 2
2 . 0 9 2 E - 0 1  1 . 3 9 5 E - 0 1  1 . 0 4 6 E - 0 1  8 . 3 6 8 E - 0 2  6 . 9 7 3 E - 0 2  5 . 9 7 7 E - 0 2  5 . 2 3 0 E - 0 2
4 . 1 8 4 E - 0 2  3 . 8 0 4 E - 0 2  3 . 4 8 7 E - 0 2  3 . 2 1 8 E - 0 2
3 . 6 8 1 E - 0 1  2 . 4 5 4 E - 0 1  1 . 8 4 1 E - 0 1  1 . 4 7 3 E - 0 1  1 . 2 2 7 E - 0 1  1 . 0 5 2 E - 0 1  9 . 2 0 3 E - 0 2
7 . 3 6 3 E - 0 2  6 . 6 9 3 E - 0 2  6 . 1 3 5 E - 0 2  5 . 6 6 4 E - 0 2
5 . 9 2 2 E - 0 1  3 . 9 4 8 E - 0 1  2 . 9 6 1 E - 0 1  2 . 3 6 9 E - 0 1  1 . 9 7 4 E - 0 1  1 . 6 9 2 E - 0 1  1 . 4 8 1 E - 0 1
1 . 1 8 4 E - 0 1  1 . 0 7 7 E - 0 1  9 . 8 7 1 E - 0 2  9 . 1 1 1 E - 0 2
0 . 8 8 8 4 2  5 . 9 2 3 E - 0 1  4 . 4 4 2 E - 0 1  3 . 5 5 4 E - 0 1  2 . 9 6 1 E - 0 1  2 . 5 3 8 E - 0 1  2 . 2 2 1 E - 0 1
1 . 7 7 7 E - 0 1  1 . 6 1 5 E - 0 1  1 . 4 8 1 E - 0 1  1 . 3 6 7 E - 0 1
’ b e  1 0 0  d e g
t e m p e r a t u r e
3 . 3 1 4 E - 0 6
4 . 2 9 1 E - 0 5
2 . 8 3 2 E - 0 4
1 . 2 0 5 E - 0 3
3 . 7 9 3 E - 0 3
9 . 6 1 5 E - 0 3
2 . 0 7 6 E - 0 2
3 . 9 6 8 E - 0 2
6 . 8 9 3 E - 0 2
1 . 1 1 0 E - 0 1
1 . 6 8 2 E - 0 1
2 . 4 2 5 E - 0 1
3 . 3 5 3 E - 0 1
1 . 3 3 4 E - 0 4  
8 . 7 4 4 E - 0 4  
3 . 4 9 5 E - 0 3  
1 . 0 1 2 E - 0 2  
2 . 3 4 8 E - 0 2  
4 . 6 4 9 E - 0 2  
8 . 1 8 1 E - 0 2  
1 . 3 1 6 E - 0 1  
1 . 9 7 4 E - 0 1
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1 . 2 6 0 7 2  0 . 8 4 0 4 8  0 . 6 3 0 3 6  0 . 5 0 4 2 9  4 . 2 0 2 E - 0 1  3 . 6 0 2 E - 0 1  3 . 1 5 2 E - 0 1  2 . 8 0 2 E - 0 1
2 . 5 2 1 E - 0 1  2 . 2 9 2 E - 0 1  2 . 1 0 1 E - 0 1  1 . 9 4 0 E - 0 1
1 . 7 1 0 5 3  1 . 1 4 0 3 5  0 . 8 5 5 2 6  0 . 6 8 4 2 1  0 . 5 7 0 1 8  0 . 4 8 8 7 2  0 . 4 2 7 6 3  0 . 3 8 0 1 2
0 . 3 4 2 1 1  0 . 3 1 1 0 0  0 . 2 8 5 0 9  2 . 6 3 2 E - 0 1
2 . 2 3 7 E + 0 0  1 . 4 9 1 3 7  1 . 1 1 8 5 3  0 . 8 9 4 8 2  0 . 7 4 5 6 8  0 . 6 3 9 1 6  0 . 5 5 9 2 6  0 . 4 9 7 1 2
0 . 4 4 7 4 1  0 . 4 0 6 7 4  0 . 3 7 2 8 4  0 . 3 4 4 1 6
2 . 8 3 8 E + 0 0  1 . 8 9 2 E + 0 0  1 . 4 1 9 E + 0 0  1 . 1 3 5 1 1  0 . 9 4 5 9 3  0 . 8 1 0 7 9  0 . 7 0 9 4 5  0 . 6 3 0 6 2
0 . 5 6 7 5 6  0 . 5 1 5 9 6  0 . 4 7 2 9 6  0 . 4 3 6 5 8
* k v t a b l e  4 **  K v a l u e  t a b l e  f o r  C 6 - 1 0
1 . 0 3 6 5 E - 0 2  6 . 9 1 0 3 E - 0 3  5 . 1 8 2 7 E - 0 3  4 . 1 4 6 2 E - 0 3  3 . 4 5 5 2 E - 0 3  2 . 9 6 1 6 E - 0 3  2 . 5 9 1 4 E - 0 3  2 . 3 0 3 4 E - 0 3
2 . 0 7 3 1 E - 0 3  1 . 8 8 4 6 E - 0 3  1 . 7 2 7 6 E - 0 3  1 . 5 9 4 7 E - 0 3
0 . 0 4 5 6 5 9  0 . 0 3 0 4 3 9  0 . 0 2 2 8 2 9  0 . 0 1 8 2 6 4  0 . 0 1 5 2 2 0  0 . 0 1 3 0 4 5  0 . 0 1 1 4 1 5  0 . 0 1 0 1 4 6
0 . 0 0 9 1 3 2  0 . 0 0 8 3 0 2  0 . 0 0 7 6 1 0  0 . 0 0 7 0 2 4
0 . 1 3 6 1 4 6  0 . 0 9 0 7 6 4  0 . 0 6 8 0 7 3  0 . 0 5 4 4 5 8  0 . 0 4 5 3 8 2  0 . 0 3 8 8 9 9  0 . 0 3 4 0 3 6  0 . 0 3 0 2 5 5
0 . 0 2 7 2 2 9  0 . 0 2 4 7 5 4  0 . 0 2 2 6 9 1  0 . 0 2 0 9 4 6
0 . 3 1 4 8 7 6  0 . 2 0 9 9 1 7  0 . 1 5 7 4 3 8  0 . 1 2 5 9 5 0  0 . 1 0 4 9 5 9  0 . 0 8 9 9 6 5  0 . 0 7 8 7 1 9  0 . 0 6 9 9 7 2
0 . 0 6 2 9 7 5  0 . 0 5 7 2 5 0  0 . 0 5 2 4 7 9  0 . 0 4 8 4 4 2
0 . 6 1 1 5 2 4  0 . 4 0 7 6 8 3  0 . 3 0 5 7 6 2  0 . 2 4 4 6 1 0  0 . 2 0 3 8 4 1  0 . 1 7 4 7 2 1  0 . 1 5 2 8 8 1  0 . 1 3 5 8 9 4
0 . 1 2 2 3 0 5  0 . 1 1 1 1 8 6  0 . 1 0 1 9 2 1  0 . 0 9 4 0 8 1
1 . 0 4 7 8 4 2  0 . 6 9 8 5 6 2  0 . 5 2 3 9 2 1  0 . 4 1 9 1 3 7  0 . 3 4 9 2 8 1  0 . 2 9 9 3 8 4  0 . 2 6 1 9 6 1  0 . 2 3 2 8 5 4
0 . 2 0 9 5 6 8  0 . 1 9 0 5 1 7  0 . 1 7 4 6 4 0  0 . 1 6 1 2 0 7
1 . 6 3 6 3  1 . 0 9 0 8  0 . 8 1 8 1  0 . 6 5 4 5  0 . 5 4 5 4  0 . 4 6 7 5  0 . 4 0 9 1  0 . 3 6 3 6
0 . 3 2 7 3  0 . 2 9 7 5  0 . 2 7 2 7  0 . 2 5 1 7
2 . 3 8 0 6  1 . 5 8 7 1  1 . 1 9 0 3  0 . 9 5 2 2  0 . 7 9 3 5  0 . 6 8 0 2  0 . 5 9 5 2  0 . 5 2 9 0
0 . 4 7 6 1  0 . 4 3 2 8  0 . 3 9 6 8  0 . 3 6 6 2
3 . 2 7 7 8  2 . 1 8 5 2  1 . 6 3 8 9  1 . 3 1 1 1  1 . 0 9 2 6  0 . 9 3 6 5  0 . 8 1 9 4  0 . 7 2 8 4
0 . 6 5 5 6  0 . 5 9 6 0  0 . 5 4 6 3  0 . 5 0 4 3
4 . 3 1 9 6  2 . 8 7 9 7  2 . 1 5 9 8  1 . 7 2 7 8  1 . 4 3 9 9  1 . 2 3 4 2  1 . 0 7 9 9  0 . 9 5 9 9
0 . 8 6 3 9  0 . 7 8 5 4  0 . 7 1 9 9  0 . 6 6 4 5
5 . 4 9 4 6  3 . 6 6 3 1  2 . 7 4 7 3  2 . 1 9 7 8  1 . 8 3 1 5  1 . 5 6 9 9  1 . 3 7 3 6  1 . 2 2 1 0
1 . 0 9 8 9  0 . 9 9 9 0  0 . 9 1 5 8  0 . 8 4 5 3
6 . 7 8 9 5  4 . 5 2 6 4  3 . 3 9 4 8  2 . 7 1 5 8  2 . 2 6 3 2  1 . 9 3 9 9  1 . 6 9 7 4  1 . 5 0 8 8
1 . 3 5 7 9  1 . 2 3 4 5  1 . 1 3 1 6  1 . 0 4 4 5
8 . 1 9 0 3  5 . 4 6 0 2  4 . 0 9 5 2  3 . 2 7 6 1  2 . 7 3 0 1  2 . 3 4 0 1  2 . 0 4 7 6  1 . 8 2 0 1
1 . 6 3 8 1  1 . 4 8 9 2  1 . 3 6 5 1  1 . 2 6 0 1
♦ k v t a b l e  5 **  K v a l u e  t a b l e  f o r  C 2 - 5
1 . 0 3 6 5 E - 02  6 . 9 1 0 3 E - 0 3  5 . 1 8 2 7 E - 0 3  4 . 1 4 6 2 E - 0 3  3 . 4 5 5 2 E - 0 3  2 . 9 6 1 6 E - 0 3  2 . 5 9 1 4 E - 0 3  2 . 3 0 3 4 E - 0 3
2 . 0 7 3 1 E - 0 3  1 . 8 8 4 6 E - 0 3  1 . 7 2 7 6 E - 0 3  1 . 5 9 4 7 E - 0 3
0 . 0 4 5 6 5 9  0 . 0 3 0 4 3 9  0 . 0 2 2 8 2 9  0 . 0 1 8 2 6 4  0 . 0 1 5 2 2 0  0 . 0 1 3 0 4 5  0 . 0 1 1 4 1 5  0 . 0 1 0 1 4 6
0 . 0 0 9 1 3 2  0 . 0 0 8 3 0 2  0 . 0 0 7 6 1 0  0 . 0 0 7 0 2 4
0 . 1 3 6 1 4 6  0 . 0 9 0 7 6 4  0 . 0 6 8 0 7 3  0 . 0 5 4 4 5 8  0 . 0 4 5 3 8 2  0 . 0 3 8 8 9 9  0 . 0 3 4 0 3 6  0 . 0 3 0 2 5 5
0 . 0 2 7 2 2 9  0 . 0 2 4 7 5 4  0 . 0 2 2 6 9 1  0 . 0 2 0 9 4 6
0 . 3 1 4 8 7 6  0 . 2 0 9 9 1 7  0 . 1 5 7 4 3 8  0 . 1 2 5 9 5 0  0 . 1 0 4 9 5 9  0 . 0 8 9 9 6 5  0 . 0 7 8 7 1 9  0 . 0 6 9 9 7 2
0 . 0 6 2 9 7 5  0 . 0 5 7 2 5 0  0 . 0 5 2 4 7 9  0 . 0 4 8 4 4 2
0 . 6 1 1 5 2 4  0 . 4 0 7 6 8 3  0 . 3 0 5 7 6 2  0 . 2 4 4 6 1 0  0 . 2 0 3 8 4 1  0 . 1 7 4 7 2 1  0 . 1 5 2 8 8 1  0 . 1 3 5 8 9 4
0 . 1 2 2 3 0 5  0 . 1 1 1 1 8 6  0 . 1 0 1 9 2 1  0 . 0 9 4 0 8 1
1 . 0 4 7 8 4 2  0 . 6 9 8 5 6 2  0 . 5 2 3 9 2 1  0 . 4 1 9 1 3 7  0 . 3 4 9 2 8 1  0 . 2 9 9 3 8 4  0 . 2 6 1 9 6 1  0 . 2 3 2 8 5 4
0 . 2 0 9 5 6 8  0 . 1 9 0 5 1 7  0 . 1 7 4 6 4 0  0 . 1 6 1 2 0 7
1 . 6 3 6 3  1 . 0 9 0 8  0 . 8 1 8 1  0 . 6 5 4 5  0 . 5 4 5 4  0 . 4 6 7 5  0 . 4 0 9 1  0 . 3 6 3 6
0 . 3 2 7 3  0 . 2 9 7 5  0 . 2 7 2 7  0 . 2 5 1 7
2 . 3 8 0 6  1 . 5 8 7 1  1 . 1 9 0 3  0 . 9 5 2 2  0 . 7 9 3 5  0 . 6 8 0 2  0 . 5 9 5 2  0 . 5 2 9 0
0 . 4 7 6 1  0 . 4 3 2 8  0 . 3 9 6 8  0 . 3 6 6 2
3 . 2 7 7 8  2 . 1 8 5 2  1 . 6 3 8 9  1 . 3 1 1 1  1 . 0 9 2 6  0 . 9 3 6 5  0 . 8 1 9 4  0 . 7 2 8 4
0 . 6 5 5 6  0 . 5 9 6 0  0 . 5 4 6 3  0 . 5 0 4 3
4 . 3 1 9 6  2 . 8 7 9 7  2 . 1 5 9 8  1 . 7 2 7 8  1 . 4 3 9 9  1 . 2 3 4 2  1 . 0 7 9 9  0 . 9 5 9 9
0 . 8 6 3 9  0 . 7 8 5 4  0 . 7 1 9 9  0 . 6 6 4 5
5 . 4 9 4 6  3 . 6 6 3 1  2 . 7 4 7 3  2 . 1 9 7 8  1 . 8 3 1 5  1 . 5 6 9 9  1 . 3 7 3 6  1 . 2 2 1 0
1 . 0 9 8 9  0 . 9 9 9 0  0 . 9 1 5 8  0 . 8 4 5 3
6 . 7 8 9 5  4 . 5 2 6 4  3 . 3 9 4 8  2 . 7 1 5 8  2 . 2 6 3 2  1 . 9 3 9 9  1 . 6 9 7 4  1 . 5 0 8 8
1 . 3 5 7 9  1 . 2 3 4 5  1 . 1 3 1 6  1 . 0 4 4 5
8 . 1 9 0 3  5 . 4 6 0 2  4 . 0 9 5 2  3 . 2 7 6 1  2 . 7 3 0 1  2 . 3 4 0 1  2 . 0 4 7 6  1 . 8 2 0 1
1 . 6 3 8 1  1 . 4 8 9 2  1 . 3 6 5 1  1 . 2 6 0 1
* k v t a b l e  6 **  K v a l u e  t a b l e  f o r  CH4
1 0 . 8 8 6 5  7 . 2 5 7 7  5 . 4 4 3 2  4 . 3 5 4 6  3 . 6 2 8 8  3 . 1 1 0 4  2 . 7 2 1 6  2 . 4 1 9 2  2 . 1 7 7 3  1 . 9 7 9 4  1 . 8 1 4 4  1 . 6 7 4 8
1 8 . 0 1 4 4  1 2 . 0 0 9 6  9 . 0 0 7 2  7 . 2 0 5 8  6 . 0 0 4 8  5 . 1 4 7 0  4 . 5 0 3 6  4 . 0 0 3 2  3 . 6 0 2 9  3 . 2 7 5 4  3 . 0 0 2 4  2 . 7 7 1 5
2 6 . 1 0 9 2  1 7 . 4 0 6 1  1 3 . 0 5 4 6  1 0 . 4 4 3 7  8 . 7 0 3 1  7 . 4 5 9 8  6 . 5 2 7 3  5 . 8 0 2 0  5 . 2 2 1 8  4 . 7 4 7 1  4 . 3 5 1 5  4 . 0 1 6 8
3 4 . 7 1 2 3  2 3 . 1 4 1 5  1 7 . 3 5 6 1  1 3 . 8 8 4 9  1 1 . 5 7 0 8  9 . 9 1 7 8  8 . 6 7 8 1  7 . 7 1 3 8  6 . 9 4 2 5  6 . 3 1 1 3  5 . 7 8 5 4  5 . 3 4 0 4
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4 3 . 4 9 1 5  2 8 . 9 9 4 3  2 1 . 7 4 5 8  1 7 . 3 9 6 6  1 4 . 4 9 7 2  1 2 . 4 2 6 1  1 0 . 8 7 2 9  9 . 6 6 4 8  8 . 6 9 8 3  7 . 9 0 7 5  7 . 2 4 8 6
6 . 6 9 1 0
5 2 . 2 2 1 6  3 4 . 8 1 4 4  2 6 . 1 1 0 8  2 0 . 8 8 8 6  1 7 . 4 0 7 2  1 4 . 9 2 0 5  1 3 . 0 5 5 4  1 1 . 6 0 4 8  1 0 . 4 4 4 3  9 . 4 9 4 8  8 . 7 0 3 6
8 . 0 3 4 1
6 0 . 7 5 7 3  4 0 . 5 0 4 9  3 0 . 3 7 8 6  2 4 . 3 0 2 9  2 0 . 2 5 2 4  1 7 . 3 5 9 2  1 5 . 1 8 9 3  1 3 . 5 0 1 6  1 2 . 1 5 1 5  1 1 . 0 4 6 8  1 0 . 1 2 6 2
9 . 3 4 7 3
6 9 . 0 0 9 7  4 6 . 0 0 6 5  3 4 . 5 0 4 9  2 7 . 6 0 3 9  2 3 . 0 0 3 2  1 9 . 7 1 7 1  1 7 . 2 5 2 4  1 5 . 3 3 5 5  1 3 . 8 0 1 9  1 2 . 5 4 7 2  1 1 . 5 0 1 6
1 0 . 6 1 6 9
7 6 . 9 2 8 6  5 1 . 2 8 5 8  3 8 . 4 6 4 3  3 0 . 7 7 1 5  2 5 . 6 4 2 9  2 1 . 9 7 9 6  1 9 . 2 3 2 2  1 7 . 0 9 5 3  1 5 . 3 8 5 7  1 3 . 9 8 7 0  1 2 . 8 2 1 4
1 1 . 8 3 5 2
8 4 . 4 8 9 6  5 6 . 3 2 6 4  4 2 . 2 4 4 8  3 3 . 7 9 5 8  2 8 . 1 6 3 2  2 4 . 1 3 9 9  2 1 . 1 2 2 4  1 8 . 7 7 5 5  1 6 . 8 9 7 9  1 5 . 3 6 1 7  1 4 . 0 8 1 6
1 2 . 9 9 8 4
9 1 . 6 8 5 0  6 1 . 1 2 3 4  4 5 . 8 4 2 5  3 6 . 6 7 4 0  3 0 . 5 6 1 7  2 6 . 1 9 5 7  2 2 . 9 2 1 3  2 0 . 3 7 4 5  1 8 . 3 3 7 0  1 6 . 6 7 0 0  1 5 . 2 8 0 8
1 4 . 1 0 5 4
9 8 . 5 1 8 3  6 5 . 6 7 8 9  4 9 . 2 5 9 2  3 9 . 4 0 7 3  3 2 . 8 3 9 4  2 8 . 1 4 8 1  2 4 . 6 2 9 6  2 1 . 8 9 3 0  1 9 . 7 0 3 7  1 7 . 9 1 2 4  1 6 . 4 1 9 7
1 5 . 1 5 6 7
1 0 4 . 9 9 9 7  6 9 . 9 9 9 8  5 2 . 4 9 9 9  4 1 . 9 9 9 9  3 4 . 9 9 9 9  2 9 . 9 9 9 9  2 6 . 2 4 9 9  2 3 . 3 3 3 3  2 0 . 9 9 9 9  1 9 . 0 9 0 9  1 7 . 5 0 0 0
1 6 . 1 5 3 8
♦ k v t a b l e  7 **  K v a l u e  t a b l e  f o r  C02
2 . 4 9 1 4  1 . 6 6 0 9  1 . 2 4 5 7  0 . 9 9 6 6  0 . 8 3 0 5  0 . 7 1 1 8  0 . 6 2 2 9  0 . 5 5 3 6  0 . 4 9 8 3  0 . 4 5 3 0  0 . 4 1 5 2  0 . 3 8 3 3
6 . 8 2 4 9  4 . 5 5 0 0  3 . 4 1 2 5  2 . 7 3 0 0  2 . 2 7 5 0  1 . 9 5 0 0  1 . 7 0 6 2  1 . 5 1 6 7  1 . 3 6 5 0  1 . 2 4 0 9  1 . 1 3 7 5  1 . 0 5 0 0
1 4 . 3 4 1 1  9 . 5 6 0 7  7 . 1 7 0 5  5 . 7 3 6 4  4 . 7 8 0 4  4 . 0 9 7 5  3 . 5 8 5 3  3 . 1 8 6 9  2 . 8 6 8 2  2 . 6 0 7 5  2 . 3 9 0 2  2 . 2 0 6 3
2 5 . 3 5 5 3  1 6 . 9 0 3 5  1 2 . 6 7 7 6  1 0 . 1 4 2 1  8 . 4 5 1 8  7 . 2 4 4 4  6 . 3 3 8 8  5 . 6 3 4 5  5 . 0 7 1 1  4 . 6 1 0 1  4 . 2 2 5 9  3 . 9 0 0 8
3 9 . 8 1 0 3  2 6 . 5 4 0 2  1 9 . 9 0 5 2  1 5 . 9 2 4 1  1 3 . 2 7 0 1  1 1 . 3 7 4 4  9 . 9 5 2 6  8 . 8 4 6 7  7 . 9 6 2 1  7 . 2 3 8 2  6 . 6 3 5 1  6 . 1 2 4 7
5 7 . 4 0 5 7  3 8 . 2 7 0 5  2 8 . 7 0 2 9  2 2 . 9 6 2 3  1 9 . 1 3 5 2  1 6 . 4 0 1 6  1 4 . 3 5 1 4  1 2 . 7 5 6 8  1 1 . 4 8 1 1  1 0 . 4 3 7 4  9 . 5 6 7 6
8 . 8 3 1 7
7 7 . 7 1 5 6  5 1 . 8 1 0 4  3 8 . 8 5 7 8  3 1 . 0 8 6 2  2 5 . 9 0 5 2  2 2 . 2 0 4 5  1 9 . 4 2 8 9  1 7 . 2 7 0 1  1 5 . 5 4 3 1  1 4 . 1 3 0 1  1 2 . 9 5 2 6
1 1 . 9 5 6 2
1 0 0 . 2 7 2 0  6 6 . 8 4 8 0  5 0 . 1 3 6 0  4 0 . 1 0 8 8  3 3 . 4 2 4 0  2 8 . 6 4 9 1  2 5 . 0 6 8 0  2 2 . 2 8 2 7  2 0 . 0 5 4 4  1 8 . 2 3 1 3  1 6 . 7 1 2 0
1 5 . 4 2 6 5
1 2 4 . 6 1 6 6  8 3 . 0 7 7 7  6 2 . 3 0 8 3  4 9 . 8 4 6 6  4 1 . 5 3 8 9  3 5 . 6 0 4 7  3 1 . 1 5 4 1  2 7 . 6 9 2 6  2 4 . 9 2 3 3  2 2 . 6 5 7 6  2 0 . 7 6 9 4
1 9 . 1 7 1 8
1 5 0 . 3 2 8 4  1 0 0 . 2 1 8 9  7 5 . 1 6 4 2  6 0 . 1 3 1 4  5 0 . 1 0 9 5  4 2 . 9 5 1 0  3 7 . 5 8 2 1  3 3 . 4 0 6 3  3 0 . 0 6 5 7  2 7 . 3 3 2 4  2 5 . 0 5 4 7
2 3 . 1 2 7 4
1 7 7 . 0 3 6 2  1 1 8 . 0 2 4 1  8 8 . 5 1 8 1  7 0 . 8 1 4 5  5 9 . 0 1 2 1  5 0 . 5 8 1 8  4 4 . 2 5 9 0  3 9 . 3 4 1 4  3 5 . 4 0 7 2  3 2 . 1 8 8 4  2 9 . 5 0 6 0
2 7 . 2 3 6 3
2 0 4 . 4 2 1 4  1 3 6 . 2 8 0 9  1 0 2 . 2 1 0 7  8 1 . 7 6 8 5  6 8 . 1 4 0 5  5 8 . 4 0 6 1  5 1 . 1 0 5 3  4 5 . 4 2 7 0  4 0 . 8 8 4 3  3 7 . 1 6 7 5  3 4 . 0 7 0 2
3 1 . 4 4 9 4
2 3 2 . 2 1 6 1  1 5 4 . 8 1 0 7  1 1 6 . 1 0 8 0  9 2 . 8 8 6 4  7 7 . 4 0 5 4  6 6 . 3 4 7 5  5 8 . 0 5 4 0  5 1 . 6 0 3 6  4 6 . 4 4 3 2  4 2 . 2 2 1 1  3 8 . 7 0 2 7
3 5 . 7 2 5 6
♦ k v t a b l e  8 * *  K v a l u e  t a b l e  f o r  N2
2 7 . 0 1 8 8  1 8 . 0 1 2 5  1 3 . 5 0 9 4  1 0 . 8 0 7 5  9 . 0 0 6 3  7 . 7 1 9 7  6 . 7 5 4 7  6 . 0 0 4 2  5 . 4 0 3 8  4 . 9 1 2 5  4 . 5 0 3 1  4 . 1 5 6 7
3 8 . 0 4 8 3  2 5 . 3 6 5 5  1 9 . 0 2 4 1  1 5 . 2 1 9 3  1 2 . 6 8 2 8  1 0 . 8 7 0 9  9 . 5 1 2 1  8 . 4 5 5 2  7 . 6 0 9 7  6 . 9 1 7 9  6 . 3 4 1 4  5 . 8 5 3 6
4 8 . 9 6 4 5  3 2 . 6 4 3 0  2 4 . 4 8 2 2  1 9 . 5 8 5 8  1 6 . 3 2 1 5  1 3 . 9 8 9 8  1 2 . 2 4 1 1  1 0 . 8 8 1 0  9 . 7 9 2 9  8 . 9 0 2 6  8 . 1 6 0 7
7 . 5 3 3 0
5 9 . 4 2 2 5  3 9 . 6 1 5 0  2 9 . 7 1 1 3  2 3 . 7 6 9 0  1 9 . 8 0 7 5  1 6 . 9 7 7 9  1 4 . 8 5 5 6  1 3 . 2 0 5 0  1 1 . 8 8 4 5  1 0 . 8 0 4 1  9 . 9 0 3 8
9 . 1 4 1 9
6 9 . 2 6 3 8  4 6 . 1 7 5 9  3 4 . 6 3 1 9  2 7 . 7 0 5 5  2 3 . 0 8 7 9  1 9 . 7 8 9 7  1 7 . 3 1 6 0  1 5 . 3 9 2 0  1 3 . 8 5 2 8  1 2 . 5 9 3 4  1 1 . 5 4 4 0
1 0 . 6 5 6 0
7 8 . 4 3 4 0  5 2 . 2 8 9 3  3 9 . 2 1 7 0  3 1 . 3 7 3 6  2 6 . 1 4 4 7  2 2 . 4 0 9 7  1 9 . 6 0 8 5  1 7 . 4 2 9 8  1 5 . 6 8 6 8  1 4 . 2 6 0 7  1 3 . 0 7 2 3
1 2 . 0 6 6 8
8 6 . 9 3 4 5  5 7 . 9 5 6 3  4 3 . 4 6 7 2  3 4 . 7 7 3 8  2 8 . 9 7 8 2  2 4 . 8 3 8 4  2 1 . 7 3 3 6  1 9 . 3 1 8 8  1 7 . 3 8 6 9  1 5 . 8 0 6 3  1 4 . 4 8 9 1
1 3 . 3 7 4 5
9 4 . 7 9 5 2  6 3 . 1 9 6 8  4 7 . 3 9 7 6  3 7 . 9 1 8 1  3 1 . 5 9 8 4  2 7 . 0 8 4 3  2 3 . 6 9 8 8  2 1 . 0 6 5 6  1 8 . 9 5 9 0  1 7 . 2 3 5 5  1 5 . 7 9 9 2
1 4 . 5 8 3 9
1 0 2 . 0 5 9 2  6 8 . 0 3 9 5  5 1 . 0 2 9 6  4 0 . 8 2 3 7  3 4 . 0 1 9 7  2 9 . 1 5 9 8  2 5 . 5 1 4 8  2 2 . 6 7 9 8  2 0 . 4 1 1 8  1 8 . 5 5 6 2  1 7 . 0 0 9 9
1 5 . 7 0 1 4
1 0 8 . 7 7 4 1  7 2 . 5 1 6 1  5 4 . 3 8 7 1  4 3 . 5 0 9 7  3 6 . 2 5 8 0  3 1 . 0 7 8 3  2 7 . 1 9 3 5  2 4 . 1 7 2 0  2 1 . 7 5 4 8  1 9 . 7 7 7 1  1 8 . 1 2 9 0
1 6 . 7 3 4 5
1 1 4 . 9 8 7 6  7 6 . 6 5 8 4  5 7 . 4 9 3 8  4 5 . 9 9 5 1  3 8 . 3 2 9 2  3 2 . 8 5 3 6  2 8 . 7 4 6 9  2 5 . 5 5 2 8  2 2 . 9 9 7 5  2 0 . 9 0 6 8  1 9 . 1 6 4 6
1 7 . 6 9 0 4
1 2 0 . 7 4 5 2  8 0 . 4 9 6 8  6 0 . 3 7 2 6  4 8 . 2 9 8 1  4 0 . 2 4 8 4  3 4 . 4 9 8 6  3 0 . 1 8 6 3  2 6 . 8 3 2 3  2 4 . 1 4 9 0  2 1 . 9 5 3 7  2 0 . 1 2 4 2
1 8 . 5 7 6 2
1 2 6 . 0 8 9 1  8 4 . 0 5 9 4  6 3 . 0 4 4 5  5 0 . 4 3 5 6  4 2 . 0 2 9 7  3 6 . 0 2 5 4  3 1 . 5 2 2 3  2 8 . 0 1 9 8  2 5 . 2 1 7 8  2 2 . 9 2 5 3  2 1 . 0 1 4 8
1 9 . 3 9 8 3
** R e f e r e n c e  c o n d i t i o n s
* p r s r  1 4 . 7  * t e m r  60 * p s u r f  1 4 . 7  * t s u r f  60
** PRSR 6 0 0 . 0  **  r e f e r e n c e  p r e s s u r e .  c o r r e s p o n d i n g  t o  t h e  d e n s i t y
*★ TEMR 1 7 5 . 0  * *  r e f e r e n c e  t e m p e r a t u r e ,  c o r r e s p o n d i n g  t o  t h e  d e n s i t y
** PSURF 1 4 . 7  **  p r e s s u r e  a t  s u r f a c e .  f o r  r e p o r t i n g  w e l l  r a t e s ,  e t c .
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♦♦ TSDRF 6 2 . 3  ♦♦ t e m p e r a t u r e  a t  s u r f a c e ,  f o r  r e p o r t i n g  w e l l  r a t e s ,  e t c .
**  ============== ROCK-FLUID PROPERTIES ======================
* r o c k f l u i d
♦ s w t  ♦♦ W a t e r - o i l  r e l a t i v e  p e r m e a b i l i t i e s
♦♦ S i w  = S w i r  = 0 . 2 4  S o r w  = 0 . 3 S o r g  = 0 . 1  S g c  = l
♦♦ K r o i w  = 0 . 4 K r w r o  = 0 . 1 K r g r o  = 0 . 2
♦♦ Sw Krw Kr ow
0 . 2 4 0 0 . 4
0 . 2 8 1 8 1 8 0 . 0 0 0 2 4 9 0 . 3 3 0 5 7 9
0 . 3 2 3 6 3 6 0 . 0 0 1 4 1 0 . 2 6 7 7 6 9
0 . 3 6 5 4 5 5 0 . 0 0 3 8 8 4 0 . 2 1 1 5 7
0 . 4 0 7 2 7 3 0 . 0 0 7 9 7 4 0 . 1 6 1 9 8 3
0 . 4 4 9 0 9 1 0 . 0 1 3 9 3 0 . 1 1 9 0 0 8
0 . 4 9 0 9 0 9 0 . 0 2 1 9 7 3 0 . 0 8 2 6 4 5
0 . 5 3 2 7 2 7 0 . 0 3 2 3 0 5 0 . 0 5 2 8 9 3
0 . 5 7 4 5 4 5 0 . 0 4 5 1 0 7 0 . 0 2 9 7 5 2
0 . 6 1 6 3 6 4 0 . 0 6 0 5 5 1 0 . 0 1 3 2 2 3
0 . 6 5 8 1 8 2 0 . 0 7 8 7 9 9 0 . 0 0 3 3 0 6
0 . 7 0 . 1 0
♦ s i t  ♦♦ L i q u i d - g a s  r e l a t i v e  p e r m e a b i l i t i e s
♦♦SL K r g  K r o g
0 . 2 4 0 . 2 0
0 . 3 4 0 . 1 5 8 7 1 2 0
0 . 3 7 7 5 0 . 1 4 4 0 6 8 0 . 0 0 0 6 4 6
0 . 4 1 5 0 . 1 2 9 9 0 4 0 . 0 0 5 1 6 5
0 . 4 5 2 5 0 . 1 1 6 2 3 7 0 . 0 1 1 6 2 2
0 . 4 9 0 . 1 0 3 0 8 6 0 . 0 2 0 6 6 1
0 . 5 2 7 5 0 . 0 9 0 4 7 3 0 . 0 3 2 2 8 3
0 . 5 6 5 0 . 0 7 8 4 2 1 0 . 0 4 6 4 8 8
0 . 6 0 2 5 0 . 0 6 6 9 5 7 0 . 0 6 3 2 7 5
0 . 6 4 0 . 0 5 6 1 1 3 0 . 0 8 2 6 4 5
0 . 6 7 7 5 0 . 0 4 5 9 2 8 0 . 1 0 4 5 9 7
0 . 7 1 5 0 . 0 3 6 4 4 7 0 . 1 2 9 1 3 2
0 . 7 5 2 5 0 . 0 2 7 7 2 6 0 . 1 5 6 2 5
0 . 7 9 0 . 0 1 9 8 3 9 0 . 1 8 5 9 5
0 . 8 2 7 5 0 . 0 1 2 8 8 6 0 . 2 1 8 2 3 3
0 . 8 6 5 0 . 0 0 7 0 1 4 0 . 2 5 3 0 9 9
0 . 9 0 2 5 0 . 0 0 2 4 8 0 . 2 9 0 5 4 8
0 . 9 4 0 . 0 . 3 3 0 5 7 9
1
* * = = = = = = = = = = = = = =
0 .
= I N I T I A L  CONDITIONS
0 . 4
♦ i n i t i a l
♦♦ A u t o m a t i c  s t a t i c  v e r t i c a l  e q u i l i b r i u m -  v e r t i c a l - o n  - r e f p r e s = 7 5  p s i  r e f e r e n c e  p r e s s u r e  
♦♦ p s t e p = 3  v e r t i c a l  e q u i l i b r i u m  i s  d o n e  w i t h  3 t i m e s t e p s  w i t h  z e r o  s o u r c e s  a n d  s i n k s ,  
♦ v e r t i c a l  ♦ on  ♦ p s t e p  75  ♦ r e f p r e s  6 0 0 0  ♦ r e f d e p t h  8 2 0 5  ♦ r e f b l o c k  1 1 1
♦SW ♦ c o n  0 . 3 5  
♦SW ♦ i v a r
♦♦ S o = 0 . 0 1  b y  d i f f e r e n c e ,  s i n c e  Sg  = 0 . 6 4
♦♦ ♦SG ♦ c o n  
♦SG ^ i v a r
0 . 9 9 9  0 . 6 7 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 
0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  
0 . 6 4  ♦♦ i n i t i a l  g a s  s a t u r a t i o n  i s  0 . 5 4
0 . 0  0 . 0  0 . 0  0 . 0  0 . 2 7  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  
0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4
35
♦ t e m p  ♦ c o n  2 8 0 .
♦♦ 1 2 3  4 5 6 7 8  9 10  11
♦♦ ' H 2 0 ' ' C 2 1 + '  ' C 1 0 - 2 0 '  ' C 6 - 9 ' ' C 2 - 5 '  ' CH4 ' ' C 0 2 '  ' N 2 '  ' 0 2 '  ' C O '  'COKE'
♦♦ ♦ m o l e f r a c  ♦ g a s  ♦ c o n  4 ^ 0 . 0  0 . 0 0 0 1  0 . 9 9 9 9  0 . 0  0 . 0
♦♦ I n i t i a l  p e t r o l e u m  p h a s e  f r a c t i o n  a r e : C 2 1 + = 0 . 3 5 8 7 5 5 4 8  C l l - 2 0 = 0 . 3 7 3 6 0 9 0 6
♦♦ C 6 - 1 0 - 0 . 1 9 2 9 3 2 9 2  C l - 5
0 . 0 0 . 0
= 0 . 0 7 4 7 0 2 5 5
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* *  
★ ★
♦ m o l e f r a c  * o i l  ♦ c o n
1 2  3 4 5 6 7 8 9  10
' H 2 0 ' ' C2 1 + '  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' ' C 0 2 '  ' N2 '  ' 0 2 '  'CO'
0 . 0  0 . 1 3 9 9  0 . 1 6 0 5  0 . 0 6 0 4 7  0 . 2 3 9 1  0 . 2 2 9  0 . 0  0 . 0
** ============== NUMERICAL CONTROL ======================
♦ n u m e r i c a l  **  A l l  t h e s e  c a n  b e  d e f a u l t e d .  The  d e f i n i t i o n s  
♦♦ h e r e  m a t c h  t h e  p r e v i o u s  d a t a .
♦DTMAX 0 . 2 5  
♦♦ *DTMAX . 0 1  
♦♦ ♦DTMAX 0 . 2 5  
** *DTMAX 1 . 5  
♦ m a x s t e p s  7 3 0 0 0  
♦ u n r e l a x  - 1  
♦norm p r e s s  2 8 0  s a t u r  0 . 3 9  
♦ c o n v e r g e
♦ p r e s s  4 . 3 5  
♦ s a t u r  0 . 0 4 9  
♦t emp  1 . 7 9  
0 . 0 9  
0 . 0 9  
0 . 0 9  
0 . 0 4  
0 . 0 4  
0 . 5
♦ n o r t h  10  ♦ n e w t o n c y c  29  ♦ i t e r m a x  12 0  
♦ p i v o t  ♦on ♦ p v t o s c m a x  15  




♦ z o  
♦ z n c g  
♦ z a q  
♦ w e l l r e s  1 
♦ m a t b a l t o l  1
♦r un
♦♦ ============== RECURRENT DATA ======================
♦♦ P r o j e c t  s t a r t s  o n  z e r o  t i m e  and  d t w e l .  t h e  s t a r t i n g  t i m e  s t e p  s i z e  i s  0 . 1  d a y s  
t i m e  0 d t w e l l  . 0 0 0 1
♦♦ 3
** __________________________________________________________________
WELL 1 'DOWNDIP INJECTOR'
♦♦ RAD GEOFAC WFRAC SKIN
0 . 3 7 5  0 . 2 4 9  1 . 0  0 . 0GEOMETRY 
INJECTOR m o b w e i g h t  1 
OPERATE MAX g a s  6 5 0 0 0 0 0 0 .  
OPERATE MAX bhp  6 8 0 0 .
♦♦ OPERATE MAX b hp  6 9 0 0 .  
♦ ♦ 1 2  3 4
♦♦ ' H 2 0 ' ' C 2 1 + ' ' C 1 0 - 2 0 ' 'C6-<
INCOMP GAS 5 ^ 0 .
TINJOV 25 0
♦♦ g e o m e t r y  - 1 0  0 0 
PERF GEO 1 
♦♦ i  j  k f f
2 2 : 8  5 1
♦♦ Maximum Gas  I n j e c t i o n  R a t e  1 5  - 4 . 5MMSCFD 
♦♦ Maximum I n j e c t i o n  B H P r e s s u r e  6 9 0 0  - 6 7 0 0  p s i  
♦♦ Maximum I n j e c t i o n  B H P r e s s u r e  6 9 0 0  - 6 7 0 0  p s i  
5
' ' C 2 - 5 '
6 7 8 9 10
CH4' ' C 0 2 ' ' N 2 ' ' 0 2 '  'CO' 'COKE
1 .
Oo oo
0 . 0  0 . 0
♦♦ Gas C y c l i n g  w i t h  CH4 
♦♦ I n j e c t i o n  Gas  T e m p e r a t u r e  3 0 0  oF  
♦♦ U s e  t u b e - e n d  o p t i o n
i r  j r  k r  w i  = 0 . 0 0 7 0 8 2 ^ k ^ h / l n ( 0 . 5 ^ r e / r w )
0 . 3 7 5




OPERATE MAX l i q u i d  2 3 0 0  
OPERATE MIN bhp  5 5 00  
♦♦ OPERATE MIN b hp  5 1 0 0  







♦♦ o  o  o  o  o
RAD GEOFAC WFRAC SKIN
0 . 2 4 9  1 . 0  0 . 0
♦♦ Maximum L i q u i d  R a t e  2 0 0 0  - 1 6 0 0  B/ D  
♦♦ Minimum BHP 5 5 0 0  - 5 9 0 0  p s i  
♦♦ Minimum BHP 5 5 0 0  - 5 9 0 0  p s i  
♦♦ Maximum WOR=9: 1  o r  w a t e r - c u t  90%
i r  j r  k r  w i  = 0 . 0 0 7 0 8 2 ^ k ^ h / l n ( 0 . 5 ^ r e / r w )
TIME 0 . 0 0 0 0 1
TIME 1 . 0
TIME 3 1 . 0
o u t s r f  g r i d  p r e s  sw s o  s g  t emp  y  x  w s o l c o n c  o b h l o s s
' COKE'
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ma sd en w m a s d e n o  m a s d e n g  p co w p c o g  v i s w  v i s o  v i s g  
krw k r o  k r g  k v a l y w  k v a l y x  cmpdenw c mp de no  c m p v i s w  
c m p v i s o  c m p v i s g  c c h l o s s
9 0 . 0
1 1 5 . 0
1 8 2 . 6 2 5
o u t s r f  g r i d  p r e s  s w  s o  s g  t emp  y  x  w s o l c o n c  o b h l o s s
ma sd en w m a s d e n o  m as d e n g  p co w p c o g  v i s w  v i s o  v i s g  
krw k r o  k r g  k v a l y w  k v a l y x  cmpdenw c mp de no  c m p v i s w  
c m p v i s o  c m p v i s g  c c h l o s s
3 6 5 . 2 5
o u t s r f  g r i d  p r e s  s w  s o  s g  t e mp  y  x  w s o l c o n c  o b h l o s s
ma sd en w m a s d e n o  m a s d e n g  p co w p c o g  v i s w  v i s o  v i s g  
krw k r o  k r g  k v a l y w  k v a l y x  cmpdenw c mp de no  c m p v i s w  
c m p v i s o  c m p v i s g  c c h l o s s
5 4 7 . 8 7 5
7 3 0 . 5 0
o u t s r f  g r i d  p r e s  s w  s o  s g  t emp  y  x  w s o l c o n c  o b h l o s s
ma sd en w m a s d e n o  m a s d e n g  pc o w p c o g  v i s w  v i s o  v i s g  
krw k r o  k r g  k v a l y w  k v a l y x  cmpdenw c mpde no  c m p v i s w  
c m p v i s o  c m p v i s g  c c h l o s s
9 1 3 . 1 2 5
1 0 9 5 . 7 5
1 4 6 1 .
o u t s r f  g r i d  p r e s  sw s o  s g  t e mp  y  x  w s o l c o n c  o b h l o s s
masde nw m a s d e n o  m a s d e n g  pc o w p c o g  v i s w  v i s o  v i s g  
krw k r o  k r g  k v a l y w  k v a l y x  cmpdenw c mpde no  c m p v i s w  
c m p v i s o  c m p v i s g  c c h l o s s
1 8 2 6 . 2 5
2 1 9 1 . 5
2 5 5 6 . 7 5
2 9 2 2 .
o u t s r f  g r i d  p r e s  sw s o  s g  t emp  y  x  w s o l c o n c  o b h l o s s
masde nw m a s d e n o  m a s d e n g  p co w p c o g  v i s w  v i s o  v i s g  
krw k r o  k r g  k v a l y w  k v a l y x  cmpdenw c mpde no  c m p v i s w  
c m p v i s o  c m p v i s g  c c h l o s s
3 2 8 7 . 2 5
o u t s r f  g r i d  p r e s  sw s o  s g  t e mp  y  x  w s o l c o n c  o b h l o s s
ma sde nw m a s d e n o  m a s d e n g  p co w p c o g  v i s w  v i s o  v i s g  
krw k r o  k r g  k v a l y w  k v a l y x  cmpdenw c mpde no  c m p v i s w  
c m p v i s o  c m p v i s g  c c h l o s s
3 6 5 0
o u t s r f  g r i d  p r e s  s w  s o  s g  t emp  y  x  w s o l c o n c  o b h l o s s
ma sd en w m a s d e n o  m a s d e n g  pcow p c o g  v i s w  v i s o  v i s g  
krw k r o  k r g  k v a l y w  k v a l y x  cmpdenw c mp de no  c m p v i s w  
c m p v i s o  c m p v i s g  c c h l o s s
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* * ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
♦♦ WATER FLOODING IN GAS CONDENSATE RESERVOIR DPDIP HP- DOWNDIP HI .
♦♦ HORIZONTAL PRODUCER DOWNDIP (HP) —  HORIZONTAL INJECTOR UPDIP ( H I ) .
** ======================= h20_C0ND_ISC_HPHI. DAT==================
* ♦ ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
♦♦ T h i s  i s  STARS d a t a  s e t  f o r  C o n d e n s a t e  F i e l d  S c a l e  I n - S i t u  C o m b u s t i o n  
♦♦ WATER FLOODING PREDICTION CASE - MR = 1 . 2 7 3 5  ME
♦♦ GAS CONDENSATE RESERVOIR WITH OIL RIM PREDICTION CASE - MR = 1 . 2 7 3 5  ME 
♦♦ DOWDIP HORIZONTAL PRODUCER & UPDIP HORIZONTAL INJECTOR.
♦♦ BASED ON CLAIR/AUSTRALIAN CRUDE TYPE CHEMICAL REACTION KINETICS &
** NORTH SEA GAS CONDENSATE RESERVOIR PVT COMPOSITION 
♦♦ F e a t u r e s :
♦♦ 1 )  N i n e - p o i n t  d i s c r e t i z a t i o n  i n  t h e  a r e a l  p l a n e .
♦♦ 2 )  D i s t i n c t  p e r m e a b i l i t y  l a y e r i n g .
♦♦ 3 )  F i v e  h y d r o c a r b o n  c o m p o n e n t s ,  1 1  p s e u d o - c o m p o n e n t s  i n  t o t a l
♦♦ 4 )  A u t o m a t i c  i n i t i a l  v e r t i c a l  e q u i l i b r i u m  c a l c u l a t i o n .
♦♦ 5 )  M u l t i - l a y e r  w e l l  w i t h  a d d i t i o n a l  i n j e c t i o n  a n d  p r o d u c t i o n
♦♦ o p e r a t i n g  c o n s t r a i n t s .
♦♦ 6 )  F o u r  c h e m i c a l  r e a c t i o n s :
♦♦ ( a )  c r a c k i n g  o f  l i g h t  o i l  t o  c o k e .
♦♦ ( b )  g a s  b u r n i n g .
** ( c )  l i g h t  a n d  h e a v y  o i l  b u r n i n g .
♦♦ ( d )  c o k e  b u r n i n g .
** B u r n i n g  p r o d u c e s  w a t e r  a nd  C0+C02 m i x t u r e .
♦♦ 7 )  C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  o n:  MR = 1 . 2 7 3 5  ME 
** 8 )  H i g h  i n i t i a l  p r e s s u r e  6 0 0 0  p s i a .
** 9 )  S i m u l a t i o n  s t o p s  when  p r o d u c i n g  e n d  r e a c h e s  6 0 0  F.
INPUT/OUTPUT CONTROL ======================
f i l e n a m e  o u t p u t  i n d e x - o u t  m a i n - r e s u l t s - o u t  ** U s e  d e f a u l t  f i l e  na me s
♦ t i t l e l  1H20 FLOODING IN GAS CONDENSATE RESERVOIR PREDICTION CASE. '  
♦ T i t l e 2  'GAS CONDENSATE RESERVOIR WITH OIL RIM'
* t i t l e 3  'UPDIP HORIZONTAL PRODUCER - DOWNDIP HORIZONTAL INJECTOR'
♦ i n u n i t  * f i e l d  ♦♦ o u t p u t  s a m e  a s  i n p u t  
* o u t p r n  * g r i d  ♦ a l l
♦♦ * o u t p r n  * g r i d  ♦ p r e s  * sw * s o  * s g  * t emp  *y  *x  *w * s o l c o n c  
♦ o b h l o s s  ♦ v i s o  
♦ o u t p r n  ♦ w e l l  ♦ a l l
♦ w r s t  20  ♦wprn ^ g r i d  3 00  ^wprn ♦ i t e r  30 0  
♦REWIND 1
♦DIM ♦MDPTGL 14
♦♦ ♦RESTART 9 1 4 0  
♦♦ INDEX-IN ' I SC_HPHI . I R F '
o u t s r f  g r i d  a l l
♦♦ o u t s r f  g r i d  p r e s  s o  s g  t emp
o u t s r f  s p e c i a l  m a t b a l  w e l l  2 ♦♦ C u m u l a t i v e  l i t e  o i l  p r o d u c e d
m a t b a l  w e l l  3 
m a t b a l  w e l l  4 
o b h l o s s  
b l k v a r  s g  0 1 
b l k v a r  s o  0 23  
b l k v a r  p r e s  0 
♦PARTCLMLWT 1 3 . 6
23
♦♦ C u m u l a t i v e  medm o i l  p r o d u c e d  
♦♦ C u m u l a t i v e  h e v y  o i l  p r o d u c e d  
♦♦ C u m u l a t i v e  h e a t  l o s s  
♦♦ T e m p e r a t u r e  i n  b l o c k  ( 1 . 1 . 1 )  r
♦♦ O i l  s a t u r a t i o n  
♦♦ P r e s s u r e
♦♦ COKE ( C H I . 6 )  MOLECULAR WEIGHT I S  1 3 . 6
GRID AND RESERVOIR DEFINITION
♦ g r i d  ♦ v a r i  22  9 5
♦ d i  ♦ i v a r  3 8 4 . 8  3 ^ 1 9 2 . 4 1  1 7 ^ 9 6 . 2 1  1 4 4 . 3 2  
♦ dj  ♦ c o n  9 6 . 2 1
♦dk ♦ k v a r  3 5 . 7  3 5 . 2  3 4 . 8  3 4 . 5  3 4 . 6  
♦♦ ♦ d t o p  ♦ i v a r
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** *DIP 8 1 . 8  0 . 0
♦ d e p t h  * i v a r
8 6 2 0  8 6 0 0  8 5 8 0  8 5 6 0  8 5 4 0  8 5 2 0  8 5 0 0  8 4 8 0  8 4 6 0  8 4 4 0  8 4 2 0  8 4 0 0  
8 3 8 0  8 3 6 0  8 3 4 0  8 3 2 0  8 3 0 0  8 2 8 0  8 2 6 0  8 2 4 0  8 2 2 0  8 2 0 0  
** 8 3 9 0  8 3 8 0  8 3 7 0  8 3 6 0  8 3 5 0  8 3 4 0  8 3 3 0  8 3 2 0  8 3 1 0  8 3 0 0  8 2 9 0  8 2 8 0
** 8 2 7 0  8 2 6 5  8 2 6 0  8 2 5 5  8 2 5 0  8 2 4 0  8 2 3 0  8 2 2 0  8 2 1 0  8 2 0 0
* p o r  * c o n  0 . 1 9 2 6 4
* p e r m i  * k v a r  3 * 1 1 0 0 . 0  2 * 1 3 0 0 . 0
* permj  * e q u a l s i
*permk * e q u a l s i  /  10
** * p e r m i  * k v a r  3 * 1 0 8 2 - 8 7 2  2 - 6 7 2 * 9 9 7 - 6 9 7 . 6 - 5 9 7  *permj  * e q u a l s i  *permk * e q u a l s i  /  10  
*END-GRID
* c p o r  6 . 1 2 3 e - 5  
* p r p o r  1 0 0 0  
* r o c k c p  3 5 . 6
* t h c o n r  36 * t h c o n w  36  * t h c o n o  36  * t h c o n g  36  
* h l o s s p r o p  o v e r b u r  3 5 . 6  36 u n d e r b u r  3 5 . 6  36
** = ====----------==== FLUID DEFINITIONS ======------------ ==========
** NORTH SEA LIGHT OIL (BR_5CPVT.XLS)
* m ode l  11  10  8 **  Number o f  n o n c o n d e n s i b l e  g a s e s  i s  numy-numx = 2
** Number o f  s o l i d  c o m p o n e n t s  i s  ncomp-numy = 1
** N2 & C02 s o l u b l e  i n  t h e  l i q u i d  p e t r o l e u m  p h a s e
** 0 2  & CO o n l y  i n  t h e  g a s  p h a s e  i n s o l u b l e  i n  t h e  l i q u i d  p e t r o l e u m  p h a s e
♦compname ' H 2 0 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4' ' C 0 2 '  ' N2 '  ' 0 2 '  'CO' 'COKE'
* it
*cmm 18 3 6 1 . 5 2  1 8 3 . 0 0  1 0 5 . 5 9  4 0 . 5 2  1 6 . 0 4 3  4 4 . 0 1  2 8 . 0 1 3  32  2 8 . 0 1
* p c r i t  3 1 5 5  3 5 7 . 8 6  2 9 9 . 8 0  3 8 3 . 0 8  6 4 5 . 6 2  6 6 7 . 2  1 0 7 1 . 0  4 9 2 . 3 1  7 3 0  5 0 7 . 5
* t c r i t  7 0 5 . 7  1 0 6 6 . 2 4  7 5 0 . 5 6  5 3 6 . 2 6  1 6 8 . 2 9  - 1 1 6 . 5 9  8 7 . 5 6  - 2 3 2 . 5 1  - 1 8 1 . 7 2  - 2 2 0 . 7 8
* a v g  0 3 . 9 2 6 e - 6  3 . 8 7 6 e - 6  3 . 1 5 6 e - 6  2 . 1 6 6 e - 6  2 . 1 2 7 e - 4  2 . 1 9 6 0 e - 4  2 . 1 9 6 0 e - 4  2 . 1 9 6 0 e - 4  2 . 1 9 6 0 e - 4
* bv g  0 1 . 1 0 2  1 . 0 5 6  1 . 0 0 5  0 . 9 4 3  0 . 7 2 1  0 . 7 2 1  0 . 7 2 1  0 . 7 0 2  0 . 7 0 2
♦compname ' H2 0 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4' ' C 0 2 '  ' N2 '  ' 0 2 '  'CO' 'COKE'
^ a v i s c 0 . 1 3 2 6 8 3  0 . 1 3 2 8 2 3  0 . 1 5 2 2 9 6  0 . 1 9 0 2 4 8  0 . 1 3 7 8 4 9  0 . 0 4 4 1 2 6  0 . 1 4 1 2 6 9
* b v i s c  0 1 4 7 8 . 3 2  1 2 9 5 . 3 2  8 5 2 . 6 6  4 7 8 . 5 1  2 0 5 . 4 5  1 0 4 0 . 5 4  1 6 2 . 5 4
* m ol de n  0 0 . 0 4 8 1  0 . 1 3 0 9  0 . 2 0 0 0  0 . 2 0 2 4  0 . 4 0 2 4  0 . 6 6 2 3  0 . 6 9 4 4  ** LBMOLE/FT3
*c p  0 3 . 9 e - 6  4 e - 6  4 . 5 e - 6  5 e - 6  6 . 5 e - 6  7 e - 6  7 . 5 e - 6
**cmpnm ' H2 0 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4' ' C 0 2 '  ' N2 '  ' 0 2 '  'CO' 'COKE'
★ *                     ____
* c t l  0 1 . 4 e - 4  1 . 4 9 6 e - 4  1 . 9 5 8 e - 4  2 . 5 2 7 e - 4  2 . 6 4 9 e - 4  2 . 8 3 9 e - 4  2 . 8 3 9 e - 4
** CHEMICAL REACTION 1 - C r a c k i n g :  C21+ - >  CH4 + Coke
♦compname ' H2 0 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4' ' C 0 2 '  
* *
’ N 2 '
♦ s t o r e a c  0 1 0 0 0
♦ s t o p r o d  0 0 0 0 0
** C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  o n:  
♦ f r e q f a c  1 . 2 7 3 5 e 5  * e a c t  3 8 0 0 0  * r e n t h  0 
** * f r e q f a c  1 . 0 e 5  * e a c t  3 8 0 0 0  * r e n t h  0
** * f r e q f a c  2 . 1 e 5  * e a c t  2 5 0 0 0  * r e n t h  0
0 0
4 . 9 7 5  0
MR = 1 . 2 7 3 5  ME
** CHEMICAL REACTION 2 
♦compname ' H2 0 '  ' C 2 1+ '  
*  ★
♦ s t o r e a c  0 
♦ s t o p r o d  0
- C r a c k i n g :  C21+ - >  C2-C5 + Coke
' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4' ' C 0 2 ' ' N 2 '
1 0  0 0 
0 0 0 4 . 0 4 5 8
** C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  o n:  
♦ f r e q f a c  0 . 8 9 1 e 5  * e a c t  3 9 0 0 0  * r e n t h  0 
** * f r e q f a c  0 . 7 e 5  * e a c t  3 9 0 0 0  * r e n t h  0 
** * f r e q f a c  2 . 1 e 5  * e a c t  2 5 0 0 0  * r e n t h  0
0 0
0 0
MR = 1 . 2 7 3 5  ME
** CHEMICAL REACTION 3 - C r a c k i n g :  C 1 0- C2 0 - >
♦compname ' H 2 0 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '
**           ___
♦ s t o r e a c  0 0 1 0  0 0
CH4
’CH4‘
+ Co ke  
' C 0 2 ' ’ N 2 '
♦ s t o p r o d  0 2 . 9 2 6 8
' 02' ’CO' 'COKE'
0
0 2 0 .
0
7 2 9 1





. 5 2 6 7
' 0 2 '  'CO' 'COKE'
0 0 
0 1 0 . 0 1 2 7
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♦♦  C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  o n :  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  0 . 5 e 5  ♦ e a c t  4 5 0 0 0  * r e n t h  0
♦♦  * f r e q f a c  0 . 6 3 7 e 5  * e a c t  4 5 0 0 0  * r e n t h  0
♦♦  * f r e q f a c  2 . 0 e 5  * e a c t  2 7 0 0 0  * r e n t h  0
*  *  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
♦♦  CHEMICAL REACTION 4 -  H ea v y  O i l  B u r n i n g :  C21+ + 0 2  - >  H20 + CO + e n e r g y
♦c ompname ' H2 0 '  ' C2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4' ' C 0 2 '  ' N 2 '  ' 0 2 '  'CO' 'COKE'
★ *                     ____
♦ s t o r e a c  0 1 0 0  0 0  0 0  2 6 . 1 1 8 7  0 0
♦ s t o p r o d  2 6 . 5 3 3 2  0 0 0  0 0  0 0  0 2 5 . 7 0 4 1  0
♦♦  C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  o n :  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  3 . 8 4 6 e l 0  ♦ e a c t  1 2 4 0 0  ♦ r e n t h  1 0 2 9 3 . 9  
♦♦ ♦ f r e q f a c  3 . 8 4 6 e l 0  ♦ e a c t  1 3 5 0 0  ♦ r e n t h  1 0 2 9 3 . 9
♦♦  ♦ f r e q f a c  3 . 0 2 0 e l 0  ♦ e a c t  1 3 5 0 0  ♦ r e n t h  1 0 2 9 3 . 9
♦♦ ♦RTEMLOWR 7 9 0 . 0  
♦♦  ♦RTEMUPR 7 9 0 . 1
ir it  -------_ _ _ _ _ _ _ _ _ _ _ _ _  —   ------- _ _ _ _ _
♦♦ CHEMICAL REACTION 5 -  Medium O i l  B u r n i n g :  C1 0- C2 0 + 0 2  - >  H20 + CO + e n e r g y
♦c ompname ' H2 0 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4' ' C 0 2 '  ' N 2 '  ' 0 2 '  'CO' 'COKE'
★  it
♦ s t o r e a c  0 0 1 0  0 0 0 0  1 3 . 4 0 1 6  0 0
♦ s t o p r o d  1 3 . 8 6 3 7  0 0 0 0 0 0 0  0 1 2 . 9 3 9 5  0
♦♦ C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  o n :  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  3 . 8 4 6 e l 0  ♦ e a c t  1 4 1 0 0  ♦ r e n t h  4 9 2 0 . 3  
♦♦ ♦ f r e q f a c  3 . 8 4 6 e l 0  ♦ e a c t  1 5 5 0 0  ♦ r e n t h  4 9 2 0 . 3
♦♦  ♦ f r e q f a c  3 . 0 2 0 e l 0  ♦ e a c t  1 5 5 0 0  ♦ r e n t h  4 9 2 0 . 3
♦♦  ♦RTEMLOWR 7 9 0 . 0
♦♦  ♦RTEMUPR 7 9 0 . 1
★ *  ----------------------------------------------------------------------------------------------------------------------------------------
♦♦ CHEMICAL REACTION 6 -  L i g h t  O i l  B u r n i n g :  C6-C9 + 0 2  - >  H20 + CO + e n e r g y
♦compname ' H2 0 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4' ' C 0 2 '  ' N 2 '  ' 0 2 '  'CO' 'COKE'
**                     ____
♦ s t o r e a c  0 0 0 1  0 0 0 0  7 . 8 9 8 2  0 0
♦ s t o p r o d  8 . 3 9 6 5  0 0 0 0 0 0 0 0 7 . 4 0  0
♦♦  C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  o n :  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  3 . 8 4 6 e l 0  ♦ e a c t  1 4 2 0 0  ♦ r e n t h  2 4 2 0 . 2  
♦♦ ♦ f r e q f a c  3 . 8 4 6 e l 0  ♦ e a c t  1 5 5 0 0  ♦ r e n t h  2 4 2 0 . 2
♦♦  ♦ f r e q f a c  3 . 0 2 0 e l 0  ♦ e a c t  1 5 5 0 0  ♦ r e n t h  2 4 2 0 . 2
♦♦  ♦RTEMLOWR 7 9 0 . 0
♦♦  ♦RTEMUPR 7 9 0 . 1
* *  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
♦♦ CHEMICAL REACTION 7 -  H y d r o c a r b o n  Gas  B u r n i n g :  C2-C5 + 0 2  - >  H20 + CO + e n e r g y
♦compname ' H2 0 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4' ' C 0 2 '  ' N 2 '  ' 0 2 '  'CO' 'COKE'
**                     ____
♦ s t o r e a c  0 0 0 0  1 0  0 0  3 . 2 2 4 2  0 0
♦ s t o p r o d  3 . 6 8 5 7 6  0 0 0  0 0 0 0 0  2 . 7 6 2 7  0
♦♦ C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  o n :  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  3 . 8 4 6 e l 0  ♦ e a c t  1 5 0 0 0  ♦ r e n t h  1 4 6 3 . 4
♦♦ ♦ f r e q f a c  3 . 0 2 0 e l 0  ♦ e a c t  1 5 0 0 0  ♦ r e n t h  1 4 6 3 . 4
♦♦ ♦RTEMLOWR 7 9 0 . 0
♦♦ ♦RTEMUPR 7 9 0 . 1
* *  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
♦♦ CHEMICAL REACTION 8 -  Coke  B u r n i n g :  Co k e  + 0 2  - >  H20 + C02 + e n e r g y
♦compname ' H2 0'  ' C2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4' ' C 0 2 '  ' N 2 '  ' 0 2 '  'CO' 'COKE'
★ *                 ____
♦ s t o r e a c  0 0  0 0 0 0 0 0 1 . 4 0  1
♦ s t o p r o d  0 . 8 0  0 0 0 0 1 0 0 0  0
♦ f r e q f a c  3 . 0 e 5  ♦ e a c t  5 5 0 0  ♦ r e n t h  4 6 1 . 3  
♦♦ ♦RTEMLOWR 7 9 0 . 0  
♦♦ ♦RTEMUPR 7 9 0 . 1
*  *  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
♦♦ CHEMICAL REACTION 9 - Gas  b u r n i n g :  CH4 + 20 2  - >  2H20 + C02 + e n e r g y
♦compname ' H2 0 '  ' C2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4' ' C 0 2 '  ' N 2 '  ' 0 2 '  'CO' 'COKE'
★ *                     ____
♦ s t o r e a c  0 0  0 0 0 1 0 0 1 . 5 0  0
♦ s t o p r o d  2 0  0 0 0 0 0 0 0 1 0
♦♦ C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  o n :  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  3 . 8 4 6 e l 0  ♦ e a c t  1 5 0 0 0  ♦ r e n t h  1 4 6 3 . 4
♦♦ ♦ f r e q f a c  3 . 0 2 0 e l 0  ♦ e a c t  5 9 4 5 0  ♦ r e n t h  5 0 2 . 5 3 3  ♦♦  R e a c t i o n  E n t h a l p y
♦♦ ♦RTEMLOWR 7 9 0 . 0
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♦♦ ♦RTEMUPR 7 9 0 . 1
if i t ------ ------------- -- ------------------------------------------------------------------- ---------------------------- ---------------------------- ---------- -------------
♦ ♦ CHEMICAL REACTION 10  - C ar bo n M o n o x i d e  b u r n i n g :  CO + 0 . 5  0 2  - >  C02 + e n e r g y
* compname ' H 2 0 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4' ' C 0 2 '  ' N2 '  ' 0 2 '  'CO' 'COKE'
**                     ____
♦ s t o r e a c  0 0 0 0 0 0 0 0 0 . 5 1  0
♦ s t o p r o d  0 0  0 0 0 0 1 0  0 0 0
♦♦ C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  o n :  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  1 . 9 1 e 5  ♦ e a c t  3 2 5 0  ♦ r e n t h  2 . 8 3 8 E 5  
♦♦ ♦ f r e q f a c  1 . 5 e 5  ♦ e a c t  3 2 5 0  ♦ r e n t h  2 . 8 3 8 E 5  
♦ ♦  ♦RTEMLOWR 7 9 0 . 0  
♦♦ ♦RTEMUPR 7 9 0 . 1
★ *  __________________________________________________________________________________________________________________________________________________________
♦ s o l d e n  4 . 4
♦♦  P s e u d o c o m p o n e n t  K v a l u e  t a b l e s  f o r  p r e s s u r e s  5 00  p s i  & 6 5 0 0  p s i  1 0 0  F t o  1 3 0 0  F b e  1 0 0  d e g  
i n t e r v a l s
♦♦  ♦ k v t a b l i m  5 0 0  6 5 0 0  1 0 0  1 30 0
♦ k v t a b l i m  5 0 0 .  3 2 5 0  1 0 0 .  1 3 0 0 .
♦♦ l o w / h i g h  p r e s s u r e ;  l o w / h i g h  t e m p e r a t u r e
♦ k v t a b l e  2 ♦♦ K v a l u e  t a b l e  f o r  C21+
1 . 4 9 1 E - 05 9 . 9 4 1 E - 0 6  7 . 4 5 6 E - 0 6  5 . 9 6 5 E - 0 6  4 . 9 7 1 E - 0 6 4 . 2 6 0 E - 0 6 3 . 7 2 8 E - 0 6 3 . 3 1 4 E - 0 6
2 . 9 8 2 E - 0 6  2 . 7 1 1 E - 0 6  2 . 4 8 5 E - 0 6  2 . 2 9 4 E - 0 6  
1 . 9 3 1 E - 0 4  1 . 2 8 7 E - 0 4  9 . 6 5 5 E - 0 5  7 . 7 2 4 E - 0 5  6 . 4 3 6 E - 0 5 5 . 5 1 7 E - 0 5 4 . 8 2 7 E - 0 5 4 . 2 9 1 E - 0 5
3 . 8 6 2 E - 0 5  3 . 5 1 1 E - 0 5  3 . 2 1 8 E - 0 5  2 . 9 7 1 E - 0 5  
1 . 2 7 4 E - 0 3  8 . 4 9 6 E - 0 4  6 . 3 7 2 E - 0 4  5 . 0 9 8 E - 0 4  4 . 2 4 8 E - 0 4 3 . 6 4 1 E - 0 4 3 . 1 8 6 E - 0 4 2 . 8 3 2 E - 0 4
2 . 5 4 9 E - 0 4  2 . 3 1 7 E - 0 4  2 . 1 2 4 E - 0 4  1 . 9 6 1 E - 0 4  
5 . 4 2 3 E - 03 3 . 6 1 5 E - 0 3  2 . 7 1 2 E - 0 3  2 . 1 6 9 E - 0 3  1 . 8 0 8 E - 0 3 1 . 5 4 9 E - 0 3 1 . 3 5 6 E - 0 3 1 . 2 0 5 E - 0 3
1 . 0 8 5 E - 0 3  9 . 8 6 0 E - 0 4  9 . 0 3 9 E - 0 4  8 . 3 4 3 E - 0 4  
1 . 7 0 7 E - 02  1 . 1 3 8 E - 0 2  8 . 5 3 4 E - 0 3  6 . 8 2 7 E - 0 3  5 . 6 8 9 E - 0 3 4 . 8 7 7 E - 0 3 4 . 2 6 7 E - 0 3 3 . 7 9 3 E - 0 3
3 . 4 1 4 E - 03 3 . 1 0 3 E - 0 3  2 . 8 4 5 E - 0 3  2 . 6 2 6 E - 0 3  
4 . 3 2 7 E - 0 2  2 . 8 8 4 E - 0 2  2 . 1 6 3 E - 0 2  1 . 7 3 1 E - 0 2  1 . 4 4 2 E - 0 2 1 . 2 3 6 E - 0 2 1 . 0 8 2 E - 0 2 9 . 6 1 5 E - 0 3
8 . 6 5 3 E - 0 3  7 . 8 6 7 E - 0 3  7 . 2 1 1 E - 0 3  6 . 6 5 6 E - 0 3  
9 . 3 4 3 E - 0 2  6 . 2 2 8 E - 0 2  4 . 6 7 1 E - 0 2  3 . 7 3 7 E - 0 2  3 . 1 1 4 E - 0 2 2 . 6 6 9 E - 0 2 2 . 3 3 6 E - 0 2 2 . 0 7 6 E - 0 2
1 . 8 6 9 E - 0 2  1 . 6 9 9 E - 0 2  1 . 5 5 7 E - 0 2  1 . 4 3 7 E - 0 2  
1 . 7 8 5 E - 0 1  1 . 1 9 0 E - 0 1  8 . 9 2 7 E - 0 2  7 . 1 4 2 E - 0 2  5 . 9 5 1 E - 0 2 5 . 1 0 1 E - 0 2 4 . 4 6 3 E - 0 2 3 . 9 6 8 E - 0 2
3 . 5 7 1 E - 0 2  3 . 2 4 6 E - 0 2  2 . 9 7 6 E - 0 2  2 . 7 4 7 E - 0 2  
3 . 1 0 2 E - 0 1  2 . 0 6 8 E - 0 1  1 . 5 5 1 E - 0 1  1 . 2 4 1 E - 0 1  1 . 0 3 4 E - 0 1 8 . 8 6 2 E - 0 2 7 . 7 5 5 E - 0 2 6 . 8 9 3 E - 0 2
6 . 2 0 4 E - 0 2  5 . 6 4 0 E - 0 2  5 . 1 7 0 E - 0 2  4 . 7 7 2 E - 0 2  
4 . 9 9 6 E - 0 1  3 . 3 3 1 E - 0 1  2 . 4 9 8 E - 0 1  1 . 9 9 9 E - 0 1  1 . 6 6 5 E - 0 1 1 . 4 2 8 E - 0 1 1 . 2 4 9 E - 0 1 1 . 1 1 0 E - 0 1
9 . 9 9 3 E - 0 2  9 . 0 8 4 E - 0 2  8 . 3 2 7 E - 0 2  7 . 6 8 7 E - 0 2  
7 . 5 7 1 E - 0 1  5 . 0 4 7 E - 0 1  3 . 7 8 5 E - 0 1  3 . 0 2 8 E - 0 1  2 . 5 2 4 E - 0 1 2 . 1 6 3 E - 0 1 1 . 8 9 3 E - 0 1 1 . 6 8 2 E - 0 1
1 . 5 1 4 E - 0 1  1 . 3 7 7 E - 0 1  1 . 2 6 2 E - 0 1  1 . 1 6 5 E - 0 1  
1 . 0 9 1 1 6  0 . 7 2 7 4 4  5 . 4 5 6 E - 0 1  4 . 3 6 5 E - 0 1  3 . 6 3 7 E - 0 1 3 . 1 1 8 E - 0 1 2 . 7 2 8 E - 0 1 2 . 4 2 5 E - 0 1
2 . 1 8 2 E - 0 1  1 . 9 8 4 E - 0 1  1 . 8 1 9 E - 0 1  1 . 6 7 9 E - 0 1  
1 . 5 0 8 6 7  1 . 0 0 5 7 8  0 . 7 5 4 3 4  6 . 0 3 5 E - 0 1  5 . 0 2 9 E - 0 1 4 . 3 1 0 E - 0 1 3 . 7 7 2 E - 0 1 3 . 3 5 3 E - 0 1
3 . 0 1 7 E - 0 1  2 . 7 4 3 E - 0 1  2 . 5 1 4 E - 0 1  2 . 3 2 1 E - 0 1
♦ k v t a b l e  3 ♦♦ K v a l u e  t a b l e  f o r  C 1 1 -C2 0
6 . 0 0 3 E - 0 4  4 . 0 0 2 E - 0 4  3 . 0 0 1 E - 0 4  2 . 4 0 1 E - 0 4  2 . 0 0 1 E - 0 4 1 . 7 1 5 E - 0 4 1 . 5 0 1 E - 0 4 1 . 3 3 4 E - 0 4
1 . 2 0 1 E - 04 1 . 0 9 1 E - 0 4  1 . 0 0 0 E - 0 4  9 . 2 3 5 E - 0 5  
3 . 9 3 5 E - 0 3  2 . 6 2 3 E - 0 3  1 . 9 6 7 E - 0 3  1 . 5 7 4 E - 0 3  1 . 3 1 2 E - 0 3 1 . 1 2 4 E - 0 3 9 . 8 3 7 E - 0 4 8 . 7 4 4 E - 0 4
7 . 8 7 0 E - 0 4  7 . 1 5 4 E - 0 4  6 . 5 5 8 E - 0 4  6 . 0 5 4 E - 0 4  
1 . 5 7 3 E - 0 2  1 . 0 4 8 E - 0 2  7 . 8 6 3 E - 0 3  6 . 2 9 1 E - 0 3  5 . 2 4 2 E - 0 3 4 . 4 9 3 E - 0 3 3 . 9 3 2 E - 0 3 3 . 4 9 5 E - 0 3
3 . 1 4 5 E - 0 3  2 . 8 5 9 E - 0 3  2 . 6 2 1 E - 0 3  2 . 4 1 9 E - 0 3  
4 . 5 5 4 E - 0 2  3 . 0 3 6 E - 0 2  2 . 2 7 7 E - 0 2  1 . 8 2 2 E - 0 2  1 . 5 1 8 E - 0 2 1 . 3 0 1 E - 0 2 1 . 1 3 9 E - 0 2 1 . 0 1 2 E - 0 2
9 . 1 0 8 E - 0 3  8 . 2 8 0 E - 0 3  7 . 5 9 0 E - 0 3  7 . 0 0 6 E - 0 3  
1 . 0 5 7 E - 0 1  7 . 0 4 5 E - 0 2  5 . 2 8 4 E - 0 2  4 . 2 2 7 E - 0 2  3 . 5 2 2 E - 0 2 3 . 0 1 9 E - 0 2 2 . 6 4 2 E - 0 2 2 . 3 4 8 E - 0 2
2 . 1 1 3 E - 02 1 . 9 2 1 E - 0 2  1 . 7 6 1 E - 0 2  1 . 6 2 6 E - 0 2  
2 . 0 9 2 E - 0 1  1 . 3 9 5 E - 0 1  1 . 0 4 6 E - 0 1  8 . 3 6 8 E - 0 2  6 . 9 7 3 E - 0 2 5 . 9 7 7 E - 02 5 . 2 3 0 E - 0 2 4 . 6 4 9 E - 0 2
4 . 1 8 4 E - 0 2  3 . 8 0 4 E - 0 2  3 . 4 8 7 E - 0 2  3 . 2 1 8 E - 0 2  
3 . 6 8 1 E - 0 1  2 . 4 5 4 E - 0 1  1 . 8 4 1 E - 0 1  1 . 4 7 3 E - 0 1  1 . 2 2 7 E - 0 1 1 . 0 5 2 E - 0 1 9 . 2 0 3 E - 0 2 8 . 1 8 1 E - 0 2
7 . 3 6 3 E - 0 2  6 . 6 9 3 E - 0 2  6 . 1 3 5 E - 0 2  5 . 6 6 4 E - 0 2  
5 . 9 2 2 E - 0 1  3 . 9 4 8 E - 0 1  2 . 9 6 1 E - 0 1  2 . 3 6 9 E - 0 1  1 . 9 7 4 E - 0 1 1 . 6 9 2 E - 0 1 1 . 4 8 1 E - 0 1 1 . 3 1 6 E - 0 1
1 . 1 8 4 E - 0 1  1 . 0 7 7 E - 0 1  9 . 8 7 1 E - 0 2  9 . 1 1 1 E - 0 2  
0 . 8 8 8 4 2  5 . 9 2 3 E - 0 1  4 . 4 4 2 E - 0 1  3 . 5 5 4 E - 0 1  2 . 9 6 1 E - 0 1 2 . 5 3 8 E - 0 1 2 . 2 2 1 E - 0 1 1 . 9 7 4 E - 0 1
1 . 7 7 7 E - 0 1  1 . 6 1 5 E - 0 1  1 . 4 8 1 E - 0 1  1 . 3 6 7 E - 0 1
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1 . 2 6 0 7 2  0 . 8 4 0 4 8  0 . 6 3 0 3 6  0 . 5 0 4 2 9  4 . 2 0 2 E - 0 1  3 . 6 0 2 E - 0 1  3 . 1 5 2 E - 0 1
2 . 5 2 1 E - 0 1  2 . 2 9 2 E - 0 1  2 . 1 0 1 E - 0 1  1 . 9 4 0 E - 0 1
1 . 7 1 0 5 3  1 . 1 4 0 3 5  0 . 8 5 5 2 6  0 . 6 8 4 2 1  0 . 5 7 0 1 8  0 . 4 8 8 7 2  0 . 4 2 7 6 3
0 . 3 4 2 1 1  0 . 3 1 1 0 0  0 . 2 8 5 0 9  2 . 6 3 2 E - 0 1
2 . 2 3 7 E + 0 0  1 . 4 9 1 3 7  1 . 1 1 8 5 3  0 . 8 9 4 8 2  0 . 7 4 5 6 8  0 . 6 3 9 1 6  0 . 5 5 9 2 6
0 . 4 4 7 4 1  0 . 4 0 6 7 4  0 . 3 7 2 8 4  0 . 3 4 4 1 6
2 . 8 38 E + 0 0  1 . 8 9 2 E+ 0 0  1 . 4 1 9 E + 0 0  1 . 1 3 5 1 1  0 . 9 4 5 9 3  0 . 8 1 0 7 9  0 . 7 0 9 4 5
0 . 5 6 7 5 6  0 . 5 1 5 9 6  0 . 4 7 2 9 6  0 . 4 3 6 5 8
♦ k v t a b l e  4 **  K v a l u e  t a b l e  f o r  C 6 - 1 0
1 . 0 3 6 5 E - 0 2  6 . 9 1 0 3 E - 0 3  5 . 1 8 2 7 E - 0 3  4 . 1 4 6 2 E - 0 3  3 . 4 5 5 2 E - 0 3  2 . 9 6 1 6 E - 0 3  2 . 5 9 1 4 E - 0 3
2 . 0 7 3 1 E - 0 3  1 . 8 8 4 6 E - 0 3  1 . 7 2 7 6 E - 0 3  1 . 5 9 4 7 E - 0 3
0 . 0 4 5 6 5 9  0 . 0 3 0 4 3 9  0 . 0 2 2 8 2 9  0 . 0 1 8 2 6 4  0 . 0 1 5 2 2 0  0 . 0 1 3 0 4 5  0 . 0 1 1 4 1 5
0 . 0 0 9 1 3 2  0 . 0 0 8 3 0 2  0 . 0 0 7 6 1 0  0 . 0 0 7 0 2 4
0 . 1 3 6 1 4 6  0 . 0 9 0 7 6 4  0 . 0 6 8 0 7 3  0 . 0 5 4 4 5 8  0 . 0 4 5 3 8 2  0 . 0 3 8 8 9 9  0 . 0 3 4 0 3 6
0 . 0 2 7 2 2 9  0 . 0 2 4 7 5 4  0 . 0 2 2 6 9 1  0 . 0 2 0 9 4 6
0 . 3 1 4 8 7 6  0 . 2 0 9 9 1 7  0 . 1 5 7 4 3 8  0 . 1 2 5 9 5 0  0 . 1 0 4 9 5 9  0 . 0 8 9 9 6 5  0 . 0 7 8 7 1 9
0 . 0 6 2 9 7 5  0 . 0 5 7 2 5 0  0 . 0 5 2 4 7 9  0 . 0 4 8 4 4 2
0 . 6 1 1 5 2 4  0 . 4 0 7 6 8 3  0 . 3 0 5 7 6 2  0 . 2 4 4 6 1 0  0 . 2 0 3 8 4 1  0 . 1 7 4 7 2 1  0 . 1 5 2 8 8 1
0 . 1 2 2 3 0 5  0 . 1 1 1 1 8 6  0 . 1 0 1 9 2 1  0 . 0 9 4 0 8 1
1 . 0 4 7 8 4 2  0 . 6 9 8 5 6 2  0 . 5 2 3 9 2 1  0 . 4 1 9 1 3 7  0 . 3 4 9 2 8 1  0 . 2 9 9 3 8 4  0 . 2 6 1 9 6 1
0 . 2 0 9 5 6 8  0 . 1 9 0 5 1 7  0 . 1 7 4 6 4 0  0 . 1 6 1 2 0 7
1 . 6 3 6 3  1 . 0 9 0 8  0 . 8 1 8 1  0 . 6 5 4 5  0 . 5 4 5 4  0 . 4 6 7 5  0 . 4 0 9 1
0 . 3 2 7 3  0 . 2 9 7 5  0 . 2 7 2 7  0 . 2 5 1 7
2 . 3 8 0 6  1 . 5 8 7 1  1 . 1 9 0 3  0 . 9 5 2 2  0 . 7 9 3 5  0 . 6 8 0 2  0 . 5 9 5 2
0 . 4 7 6 1  0 . 4 3 2 8  0 . 3 9 6 8  0 . 3 6 6 2
3 . 2 7 7 8  2 . 1 8 5 2  1 . 6 3 8 9  1 . 3 1 1 1  1 . 0 9 2 6  0 . 9 3 6 5  0 . 8 1 9 4
0 . 6 5 5 6  0 . 5 9 6 0  0 . 5 4 6 3  0 . 5 0 4 3
4 . 3 1 9 6  2 . 8 7 9 7  2 . 1 5 9 8  1 . 7 2 7 8  1 . 4 3 9 9  1 . 2 3 4 2  1 . 0 7 9 9
0 . 8 6 3 9  0 . 7 8 5 4  0 . 7 1 9 9  0 . 6 6 4 5
5 . 4 9 4 6  3 . 6 6 3 1  2 . 7 4 7 3  2 . 1 9 7 8  1 . 8 3 1 5  1 . 5 6 9 9  1 . 3 7 3 6
1 . 0 9 8 9  0 . 9 9 9 0  0 . 9 1 5 8  0 . 8 4 5 3
6 . 7 8 9 5  4 . 5 2 6 4  3 . 3 9 4 8  2 . 7 1 5 8  2 . 2 6 3 2  1 . 9 3 9 9  1 . 6 9 7 4
1 . 3 5 7 9  1 . 2 3 4 5  1 . 1 3 1 6  1 . 0 4 4 5
8 . 1 9 0 3  5 . 4 6 0 2  4 . 0 9 5 2  3 . 2 7 6 1  2 . 7 3 0 1  2 . 3 4 0 1  2 . 0 4 7 6
1 . 6 3 8 1  1 . 4 8 9 2  1 . 3 6 5 1  1 . 2 6 0 1
♦ k v t a b l e  5 ♦♦  K v a l u e  t a b l e  f o r  C 2 - 5
1 . 0 3 6 5 E - 0 2  6 . 9 1 0 3 E - 0 3  5 . 1 8 2 7 E - 0 3  4 . 1 4 6 2 E - 0 3  3 . 4 5 5 2 E - 0 3  2 . 9 6 1 6 E - 0 3  2 . 5 9 1 4 E - 0 3
2 . 0 7 3 1 E - 0 3  1 . 8 8 4 6 E - 0 3  1 . 7 2 7 6 E - 0 3  1 . 5 9 4 7 E - 0 3
0 . 0 4 5 6 5 9  0 . 0 3 0 4 3 9  0 . 0 2 2 8 2 9  0 . 0 1 8 2 6 4  0 . 0 1 5 2 2 0  0 . 0 1 3 0 4 5  0 . 0 1 1 4 1 5
0 . 0 0 9 1 3 2  0 . 0 0 8 3 0 2  0 . 0 0 7 6 1 0  0 . 0 0 7 0 2 4
0 . 1 3 6 1 4 6  0 . 0 9 0 7 6 4  0 . 0 6 8 0 7 3  0 . 0 5 4 4 5 8  0 . 0 4 5 3 8 2  0 . 0 3 8 8 9 9  0 . 0 3 4 0 3 6
0 . 0 2 7 2 2 9  0 . 0 2 4 7 5 4  0 . 0 2 2 6 9 1  0 . 0 2 0 9 4 6
0 . 3 1 4 8 7 6  0 . 2 0 9 9 1 7  0 . 1 5 7 4 3 8  0 . 1 2 5 9 5 0  ' o . 1 0 4 9 5 9  0 . 0 8 9 9 6 5  0 . 0 7 8 7 1 9
0 . 0 6 2 9 7 5  0 . 0 5 7 2 5 0  0 . 0 5 2 4 7 9  0 . 0 4 8 4 4 2
0 . 6 1 1 5 2 4  0 . 4 0 7 6 8 3  0 . 3 0 5 7 6 2  0 . 2 4 4 6 1 0  0 . 2 0 3 8 4 1  0 . 1 7 4 7 2 1  0 . 1 5 2 8 8 1
0 . 1 2 2 3 0 5  0 . 1 1 1 1 8 6  0 . 1 0 1 9 2 1  0 . 0 9 4 0 8 1
1 . 0 4 7 8 4 2  0 . 6 9 8 5 6 2  0 . 5 2 3 9 2 1  0 . 4 1 9 1 3 7  0 . 3 4 9 2 8 1  0 . 2 9 9 3 8 4  0 . 2 6 1 9 6 1
0 . 2 0 9 5 6 8  0 . 1 9 0 5 1 7  0 . 1 7 4 6 4 0  0 . 1 6 1 2 0 7
1 . 6 3 6 3  1 . 0 9 0 8  0 . 8 1 8 1  0 . 6 5 4 5  0 . 5 4 5 4  0 . 4 6 7 5  0 . 4 0 9 1
0 . 3 2 7 3  0 . 2 9 7 5  0 . 2 7 2 7  0 . 2 5 1 7
2 . 3 8 0 6  1 . 5 8 7 1  1 . 1 9 0 3  0 . 9 5 2 2  0 . 7 9 3 5  0 . 6 8 0 2  0 . 5 9 5 2
0 . 4 7 6 1  0 . 4 3 2 8  0 . 3 9 6 8  0 . 3 6 6 2
3 . 2 7 7 8  2 . 1 8 5 2  1 . 6 3 8 9  1 . 3 1 1 1  1 . 0 9 2 6  0 . 9 3 6 5  0 . 8 1 9 4
0 . 6 5 5 6  0 . 5 9 6 0  0 . 5 4 6 3  0 . 5 0 4 3
4 . 3 1 9 6  2 . 8 7 9 7  2 . 1 5 9 8  1 . 7 2 7 8  1 . 4 3 9 9  1 . 2 3 4 2  1 . 0 7 9 9
0 . 8 6 3 9  0 . 7 8 5 4  0 . 7 1 9 9  0 . 6 6 4 5
5 . 4 9 4 6  3 . 6 6 3 1  2 . 7 4 7 3  2 . 1 9 7 8  1 . 8 3 1 5  1 . 5 6 9 9  1 . 3 7 3 6
1 . 0 9 8 9  0 . 9 9 9 0  0 . 9 1 5 8  0 . 8 4 5 3
6 . 7 8 9 5  4 . 5 2 6 4  3 . 3 9 4 8  2 . 7 1 5 8  2 . 2 6 3 2  1 . 9 3 9 9  1 . 6 9 7 4
1 . 3 5 7 9  1 . 2 3 4 5  1 . 1 3 1 6  1 . 0 4 4 5
8 . 1 9 0 3  5 . 4 6 0 2  4 . 0 9 5 2  3 . 2 7 6 1  2 . 7 3 0 1  2 . 3 4 0 1  2 . 0 4 7 6
1 . 6 3 8 1  1 . 4 8 9 2  1 . 3 6 5 1  1 . 2 6 0 1
♦ k v t a b l e  6 ♦♦ K v a l u e  t a b l e  f o r  CH4
1 0 . 8 8 6 5  7 . 2 5 7 7  5 . 4 4 3 2  4 . 3 5 4 6  3 . 6 2 8 8  3 . 1 1 0 4  2 . 7 2 1 6  2 . 4 1 9 2  2 . 1 7 7 3  1 . 9 7 9 4  1 .
1 8 . 0 1 4 4  1 2 . 0 0 9 6  9 . 0 0 7 2  7 . 2 0 5 8  6 . 0 0 4 8  5 . 1 4 7 0  4 . 5 0 3 6  4 . 0 0 3 2  3 . 6 0 2 9  3 . 2 7 5 4  3
2 6 . 1 0 9 2  1 7 . 4 0 6 1  1 3 . 0 5 4 6  1 0 . 4 4 3 7  8 . 7 0 3 1  7 . 4 5 9 8  6 . 5 2 7 3  5 . 8 0 2 0  5 . 2 2 1 8  4 . 7 4 7 1
3 4 . 7 1 2 3  2 3 . 1 4 1 5  1 7 . 3 5 6 1  1 3 . 8 8 4 9  1 1 . 5 7 0 8  9 . 9 1 7 8  8 . 6 7 8 1  7 . 7 1 3 8  6 . 9 4 2 5  6 . 3 1 1 3
2 . 8 0 2 E - 0 1  
0 . 3 8 0 1 2  
0 . 4 9 7 1 2  
0 . 6 3 0 6 2
2 . 3 0 3 4 E - 0 3  
0 . 0 1 0 1 4 6  
0 . 0 3 0 2 5 5  
0 . 0 6 9 9 7 2  
0 . 1 3 5 8 9 4  
0 . 2 3 2 8 5 4  
0 . 3 6 3 6  
0 . 5 2 9 0  
0 . 7 2 8 4  
0 . 9 5 9 9  
1 . 2 2 1 0
1 . 5 0 8 8  
1 . 8 2 0 1
2 . 3 0 3 4 E - 0 3
0 . 0 1 0 1 4 6
0 . 0 3 0 2 5 5
0 . 0 6 9 9 7 2
0 . 1 3 5 8 9 4
0 . 2 3 2 8 5 4
0 . 3 6 3 6
0 . 5 2 9 0
0 . 7 2 8 4
0 . 9 5 9 9
1 . 2 2 1 0
1 . 5 0 8 8  
1 . 8 2 0 1
8 1 4 4  1 . 6 7 4 8
. 0 0 2 4  2 . 7 7 1 5
4 . 3 5 1 5  4 . 0 1 6 8
5 . 7 8 5 4  5 . 3 4 0 4
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4 3 . 4 9 1 5  2 8 . 9 9 4 3  2 1 . 7 4 5 8  1 7 . 3 9 6 6  1 4 . 4 9 7 2  1 2 . 4 2 6 1  1 0 . 8 7 2 9  9 . 6 6 4 8  8 . 6 9 8 3  7 . 9 0 7 5  7 . 2 4 8 6
6 . 6 9 1 0
5 2 . 2 2 1 6  3 4 . 8 1 4 4  2 6 . 1 1 0 8  2 0 . 8 8 8 6  1 7 . 4 0 7 2  1 4 . 9 2 0 5  1 3 . 0 5 5 4  1 1 . 6 0 4 8  1 0 . 4 4 4 3  9 . 4 9 4 8  8 . 7 0 3 6
8 . 0 3 4 1
6 0 . 7 5 7 3  4 0 . 5 0 4 9  3 0 . 3 7 8 6  2 4 . 3 0 2 9  2 0 . 2 5 2 4  1 7 . 3 5 9 2  1 5 . 1 8 9 3  1 3 . 5 0 1 6  1 2 . 1 5 1 5  1 1 . 0 4 6 8  1 0 . 1 2 6 2
9 . 3 4 7 3
6 9 . 0 0 9 7  4 6 . 0 0 6 5  3 4 . 5 0 4 9  2 7 . 6 0 3 9  2 3 . 0 0 3 2  1 9 . 7 1 7 1  1 7 . 2 5 2 4  1 5 . 3 3 5 5  1 3 . 8 0 1 9  1 2 . 5 4 7 2  1 1 . 5 0 1 6
1 0 . 6 1 6 9
7 6 . 9 2 8 6  5 1 . 2 8 5 8  3 8 . 4 6 4 3  3 0 . 7 7 1 5  2 5 . 6 4 2 9  2 1 . 9 7 9 6  1 9 . 2 3 2 2  1 7 . 0 9 5 3  1 5 . 3 8 5 7  1 3 . 9 8 7 0  1 2 . 8 2 1 4
1 1 . 8 3 5 2
8 4 . 4 8 9 6  5 6 . 3 2 6 4  4 2 . 2 4 4 8  3 3 . 7 9 5 8  2 8 . 1 6 3 2  2 4 . 1 3 9 9  2 1 . 1 2 2 4  1 8 . 7 7 5 5  1 6 . 8 9 7 9  1 5 . 3 6 1 7  1 4 . 0 8 1 6
1 2 . 9 9 8 4
9 1 . 6 8 5 0  6 1 . 1 2 3 4  4 5 . 8 4 2 5  3 6 . 6 7 4 0  3 0 . 5 6 1 7  2 6 . 1 9 5 7  2 2 . 9 2 1 3  2 0 . 3 7 4 5  1 8 . 3 3 7 0  1 6 . 6 7 0 0  1 5 . 2 8 0 8
1 4 . 1 0 5 4
9 8 . 5 1 8 3  6 5 . 6 7 8 9  4 9 . 2 5 9 2  3 9 . 4 0 7 3  3 2 . 8 3 9 4  2 8 . 1 4 8 1  2 4 . 6 2 9 6  2 1 . 8 9 3 0  1 9 . 7 0 3 7  1 7 . 9 1 2 4  1 6 . 4 1 9 7
1 5 . 1 5 6 7
1 0 4 . 9 9 9 7  6 9 . 9 9 9 8  5 2 . 4 9 9 9  4 1 . 9 9 9 9  3 4 . 9 9 9 9  2 9 . 9 9 9 9  2 6 . 2 4 9 9  2 3 . 3 3 3 3  2 0 . 9 9 9 9  1 9 . 0 9 0 9  1 7 . 5 0 0 0
1 6 . 1 5 3 8
♦ k v t a b l e  7 **  K v a l u e  t a b l e  f o r  C02
2 . 4 9 1 4  1 . 6 6 0 9  1 . 2 4 5 7  0 . 9 9 6 6  0 . 8 3 0 5  0 . 7 1 1 8  0 . 6 2 2 9  0 . 5 5 3 6  0 . 4 9 8 3  0 . 4 5 3 0  0 . 4 1 5 2  0 . 3 8 3 3
6 . 8 2 4 9  4 . 5 5 0 0  3 . 4 1 2 5  2 . 7 3 0 0  2 . 2 7 5 0  1 . 9 5 0 0  1 . 7 0 6 2  1 . 5 1 6 7  1 . 3 6 5 0  1 . 2 4 0 9  1 . 1 3 7 5  1 . 0 5 0 0
1 4 . 3 4 1 1  9 . 5 6 0 7  7 . 1 7 0 5  5 . 7 3 6 4  4 . 7 8 0 4  4 . 0 9 7 5  3 . 5 8 5 3  3 . 1 8 6 9  2 . 8 6 8 2  2 . 6 0 7 5  2 . 3 9 0 2  2 . 2 0 6 3
2 5 . 3 5 5 3  1 6 . 9 0 3 5  1 2 . 6 7 7 6  1 0 . 1 4 2 1  8 . 4 5 1 8  7 . 2 4 4 4  6 . 3 3 8 8  5 . 6 3 4 5  5 . 0 7 1 1  4 . 6 1 0 1  4 . 2 2 5 9  3 . 9 0 0 8
3 9 . 8 1 0 3  2 6 . 5 4 0 2  1 9 . 9 0 5 2  1 5 . 9 2 4 1  1 3 . 2 7 0 1  1 1 . 3 7 4 4  9 . 9 5 2 6  8 . 8 4 6 7  7 . 9 6 2 1  7 . 2 3 8 2  6 . 6 3 5 1  6 . 1 2 4 7
5 7 . 4 0 5 7  3 8 . 2 7 0 5  2 8 . 7 0 2 9  2 2 . 9 6 2 3  1 9 . 1 3 5 2  1 6 . 4 0 1 6  1 4 . 3 5 1 4  1 2 . 7 5 6 8  1 1 . 4 8 1 1  1 0 . 4 3 7 4  9 . 5 6 7 6
8 . 8 3 1 7
7 7 . 7 1 5 6  5 1 . 8 1 0 4  3 8 . 8 5 7 8  3 1 . 0 8 6 2  2 5 . 9 0 5 2  2 2 . 2 0 4 5  1 9 . 4 2 8 9  1 7 . 2 7 0 1  1 5 . 5 4 3 1  1 4 . 1 3 0 1  1 2 . 9 5 2 6
1 1 . 9 5 6 2
1 0 0 . 2 7 2 0  6 6 . 8 4 8 0  5 0 . 1 3 6 0  4 0 . 1 0 8 8  3 3 . 4 2 4 0  2 8 . 6 4 9 1  2 5 . 0 6 8 0  2 2 . 2 8 2 7  2 0 . 0 5 4 4  1 8 . 2 3 1 3  1 6 . 7 1 2 0
1 5 . 4 2 6 5
1 2 4 . 6 1 6 6  8 3 . 0 7 7 7  6 2 . 3 0 8 3  4 9 . 8 4 6 6  4 1 . 5 3 8 9  3 5 . 6 0 4 7  3 1 . 1 5 4 1  2 7 . 6 9 2 6  2 4 . 9 2 3 3  2 2 . 6 5 7 6  2 0 . 7 6 9 4
1 9 . 1 7 1 8
1 5 0 . 3 2 8 4  1 0 0 . 2 1 8 9  7 5 . 1 6 4 2  6 0 . 1 3 1 4  5 0 . 1 0 9 5  4 2 . 9 5 1 0  3 7 . 5 8 2 1  3 3 . 4 0 6 3  3 0 . 0 6 5 7  2 7 . 3 3 2 4  2 5 . 0 5 4 7
2 3 . 1 2 7 4
1 7 7 . 0 3 6 2  1 1 8 . 0 2 4 1  8 8 . 5 1 8 1  7 0 . 8 1 4 5  5 9 . 0 1 2 1  5 0 . 5 8 1 8  4 4 . 2 5 9 0  3 9 . 3 4 1 4  3 5 . 4 0 7 2  3 2 . 1 8 8 4  2 9 . 5 0 6 0
2 7 . 2 3 6 3
2 0 4 . 4 2 1 4  1 3 6 . 2 8 0 9  1 0 2 . 2 1 0 7  8 1 . 7 6 8 5  6 8 . 1 4 0 5  5 8 . 4 0 6 1  5 1 . 1 0 5 3  4 5 . 4 2 7 0  4 0 . 8 8 4 3  3 7 . 1 6 7 5  3 4 . 0 7 0 2
3 1 . 4 4 9 4
2 3 2 . 2 1 6 1  1 5 4 . 8 1 0 7  1 1 6 . 1 0 8 0  9 2 . 8 8 6 4  7 7 . 4 0 5 4  6 6 . 3 4 7 5  5 8 . 0 5 4 0  5 1 . 6 0 3 6  4 6 . 4 4 3 2  4 2 . 2 2 1 1  3 8 . 7 0 2 7
3 5 . 7 2 5 6
♦ k v t a b l e  8 ♦♦ K v a l u e  t a b l e  f o r  N2
2 7 . 0 1 8 8  1 8 . 0 1 2 5  1 3 . 5 0 9 4  1 0 . 8 0 7 5  9 . 0 0 6 3  7 . 7 1 9 7  6 . 7 5 4 7  6 . 0 0 4 2  5 . 4 0 3 8  4 . 9 1 2 5 '  4 . 5 0 3 1  4 . 1 5 6 7
3 8 . 0 4 8 3  2 5 . 3 6 5 5  1 9 . 0 2 4 1  1 5 . 2 1 9 3  1 2 . 6 8 2 8  1 0 . 8 7 0 9  9 . 5 1 2 1  8 . 4 5 5 2  7 . 6 0 9 7  6 . 9 1 7 9  6 . 3 4 1 4  5 . 8 5 3 6
4 8 . 9 6 4 5  3 2 . 6 4 3 0  2 4 . 4 8 2 2  1 9 . 5 8 5 8  1 6 . 3 2 1 5  1 3 . 9 8 9 8  1 2 . 2 4 1 1  1 0 . 8 8 1 0  9 . 7 9 2 9  8 . 9 0 2 6  8 . 1 6 0 7
7 . 5 3 3 0
5 9 . 4 2 2 5  3 9 . 6 1 5 0  2 9 . 7 1 1 3  2 3 . 7 6 9 0  1 9 . 8 0 7 5  1 6 . 9 7 7 9  1 4 . 8 5 5 6  1 3 . 2 0 5 0  1 1 . 8 8 4 5  1 0 . 8 0 4 1  9 . 9 0 3 8
9 . 1 4 1 9
6 9 . 2 6 3 8  4 6 . 1 7 5 9  3 4 . 6 3 1 9  2 7 . 7 0 5 5  2 3 . 0 8 7 9  1 9 . 7 8 9 7  1 7 . 3 1 6 0  1 5 . 3 9 2 0  1 3 . 8 5 2 8  1 2 . 5 9 3 4  1 1 . 5 4 4 0
1 0 . 6 5 6 0
7 8 . 4 3 4 0  5 2 . 2 8 9 3  3 9 . 2 1 7 0  3 1 . 3 7 3 6  2 6 . 1 4 4 7  2 2 . 4 0 9 7  1 9 . 6 0 8 5  1 7 . 4 2 9 8  1 5 . 6 8 6 8  1 4 . 2 6 0 7  1 3 . 0 7 2 3
1 2 . 0 6 6 8
8 6 . 9 3 4 5  5 7 . 9 5 6 3  4 3 . 4 6 7 2  3 4 . 7 7 3 8  2 8 . 9 7 8 2  2 4 . 8 3 8 4  2 1 . 7 3 3 6  1 9 . 3 1 8 8  1 7 . 3 8 6 9  1 5 . 8 0 6 3  1 4 . 4 8 9 1
1 3 . 3 7 4 5
9 4 . 7 9 5 2  6 3 . 1 9 6 8  4 7 . 3 9 7 6  3 7 . 9 1 8 1  3 1 . 5 9 8 4  2 7 . 0 8 4 3  2 3 . 6 9 8 8  2 1 . 0 6 5 6  1 8 . 9 5 9 0  1 7 . 2 3 5 5  1 5 . 7 9 9 2
1 4 . 5 8 3 9
1 0 2 . 0 5 9 2  6 8 . 0 3 9 5  5 1 . 0 2 9 6  4 0 . 8 2 3 7  3 4 . 0 1 9 7  2 9 . 1 5 9 8  2 5 . 5 1 4 8  2 2 . 6 7 9 8  2 0 . 4 1 1 8  1 8 . 5 5 6 2  1 7 . 0 0 9 9
1 5 . 7 0 1 4
1 0 8 . 7 7 4 1  7 2 . 5 1 6 1  5 4 . 3 8 7 1  4 3 . 5 0 9 7  3 6 . 2 5 8 0  3 1 . 0 7 8 3  2 7 . 1 9 3 5  2 4 . 1 7 2 0  2 1 . 7 5 4 8  1 9 . 7 7 7 1  1 8 . 1 2 9 0
1 6 . 7 3 4 5
1 1 4 . 9 8 7 6  7 6 . 6 5 8 4  5 7 . 4 9 3 8  4 5 . 9 9 5 1  3 8 . 3 2 9 2  3 2 . 8 5 3 6  2 8 . 7 4 6 9  2 5 . 5 5 2 8  2 2 . 9 9 7 5  2 0 . 9 0 6 8  1 9 . 1 6 4 6
1 7 . 6 9 0 4
1 2 0 . 7 4 5 2  8 0 . 4 9 6 8  6 0 . 3 7 2 6  4 8 . 2 9 8 1  4 0 . 2 4 8 4  3 4 . 4 9 8 6  3 0 . 1 8 6 3  2 6 . 8 3 2 3  2 4 . 1 4 9 0  2 1 . 9 5 3 7  2 0 . 1 2 4 2
1 8 . 5 7 6 2
1 2 6 . 0 8 9 1  8 4 . 0 5 9 4  6 3 . 0 4 4 5  5 0 . 4 3 5 6  4 2 . 0 2 9 7  3 6 . 0 2 5 4  3 1 . 5 2 2 3  2 8 . 0 1 9 8  2 5 . 2 1 7 8  2 2 . 9 2 5 3  2 1 . 0 1 4 8
1 9 . 3 9 8 3
♦♦ R e f e r e n c e  c o n d i t i o n s
♦ p r s r  1 4 . 7  ♦ t e m r  60 ♦ p s u r f  1 4 . 7  ♦ t s u r f  60
♦♦ PRSR 6 0 0 . 0  ♦♦ r e f e r e n c e  p r e s s u r e .  c o r r e s p o n d i n g  t o  t h e  d e n s i t y
♦♦ TEMR 1 7 5 . 0  ♦♦ r e f e r e n c e  t e m p e r a t u r e ,  c o r r e s p o n d i n g  t o  t h e  d e n s i t y
♦♦ PSURF 1 4 . 7  ♦♦ p r e s s u r e  a t  s u r f a c e .  f o r  r e p o r t i n g  w e l l  r a t e s ,  e t c .
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♦ ♦ TSURP 6 2 . 3  ♦♦ t e m p e r a t u r e  a t  s u r f a c e ,  f o r  r e p o r t i n g  w e l l  r a t e s ,  e t c .
♦♦  ============== ROCK-FLUID PROPERTIES ======================
* r o c k f l u i d
♦ s w t  ♦♦ W a t e r - o i l  r e l a t i v e  p e r m e a b i l i t i e s
♦♦  S i w  = S w i r  = 0 . 2 4  S or w = 0 . 3 S o r g  = 0 . 1  S g c  = I
♦♦  K r o i w  = 0 . 4 Krwro = 0 . 1 K r g r o  = 0 . 2
♦♦  Sw Krw Krow
★ ★
0 . 2 4 0 0 . 4
0 . 2 8 1 8 1 8 0 . 0 0 0 2 4 9 0 . 3 3 0 5 7 9
0 . 3 2 3 6 3 6 0 . 0 0 1 4 1 0 . 2 6 7 7 6 9
0 . 3 6 5 4 5 5 0 . 0 0 3 8 8 4 0 . 2 1 1 5 7
0 . 4 0 7 2 7 3 0 . 0 0 7 9 7 4 0 . 1 6 1 9 8 3
0 . 4 4 9 0 9 1 0 . 0 1 3 9 3 0 . 1 1 9 0 0 8
0 . 4 9 0 9 0 9 0 . 0 2 1 9 7 3 0 . 0 8 2 6 4 5
0 . 5 3 2 7 2 7 0 . 0 3 2 3 0 5 0 . 0 5 2 8 9 3
0 . 5 7 4 5 4 5 0 . 0 4 5 1 0 7 0 . 0 2 9 7 5 2
0 . 6 1 6 3 6 4 0 . 0 6 0 5 5 1 0 . 0 1 3 2 2 3
0 . 6 5 8 1 8 2 0 . 0 7 8 7 9 9 0 . 0 0 3 3 0 6
0 . 7 0 . 1 0
♦ s i t  ♦♦ L i q u i d - g a s  r e l a t i v e  p e r m e a b i l i t i e s
♦♦SL Krg Krog
0 . 2 4 0 . 2 0
0 . 3 4 0 . 1 5 8 7 1 2 0
0 . 3 7 7 5 0 . 1 4 4 0 6 8 0 . 0 0 0 6 4 6
0 . 4 1 5 0 . 1 2 9 9 0 4 0 . 0 0 5 1 6 5
0 . 4 5 2 5 0 . 1 1 6 2 3 7 0 . 0 1 1 6 2 2
0 . 4 9 0 . 1 0 3 0 8 6 0 . 0 2 0 6 6 1
0 . 5 2 7 5 0 . 0 9 0 4 7 3 0 . 0 3 2 2 8 3
0 . 5 6 5 0 .  0 7 8 4 2 1 0 . 0 4 6 4 8 8
0 . 6 0 2 5 0 . 0 6 6 9 5 7 0 . 0 6 3 2 7 5
0 . 6 4 0 . 0 5 6 1 1 3 0 . 0 8 2 6 4 5
0 . 6 7 7 5 0 . 0 4 5 9 2 8 0 . 1 0 4 5 9 7
0 . 7 1 5 0 . 0 3 6 4 4 7 0 . 1 2 9 1 3 2
0 . 7 5 2 5 0 . 0 2 7 7 2 6 0 . 1 5 6 2 5
0 . 7 9 0 . 0 1 9 8 3 9 0 . 1 8 5 9 5
0 . 8 2 7 5 0 . 0 1 2 8 8 6 0 . 2 1 8 2 3 3
0 . 8 6 5 0 . 0 0 7 0 1 4 0 . 2 5 3 0 9 9
0 . 9 0 2 5 0 . 0 0 2 4 8 0 . 2 9 0 5 4 8
0 . 9 4 0 . 0 . 3 3 0 5 7 9
1




♦ i n i t i a l
♦♦ A u t o m a t i c  s t a t i c  v e r t i c a l  e q u i l i b r i u m -  v e r t i c a l - o n  - r e f p r e s = 7 5  p s i  r e f e r e n c e  p r e s s u r e  
♦♦ p s t e p = 3  v e r t i c a l  e q u i l i b r i u m  i s  d o n e  w i t h  3 t i m e s t e p s  w i t h  z e r o  s o u r c e s  a nd  s i n k s ,  
♦ v e r t i c a l  ♦ on  ♦ p s t e p  75 ♦ r e f p r e s  6 0 0 0  ♦ r e f d e p t h  8 2 0 5  ♦ r e f b l o c k  1 1 1
♦SW ♦ c o n  0 . 3 5  ♦♦ S o = 0 . 0 1  b y  d i f f e r e n c e ,  s i n c e  Sg  = 0 . 6 4
♦SW ♦ i v a r
0 . 9 9 9  0 . 6 7 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  
0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  
♦♦ ♦SG ♦ c o n  0 . 6 4  ♦♦ i n i t i a l  g a s  s a t u r a t i o n  i s  0 . 5 4
♦SG ♦ i v a r
0 . 0  0 . 0  0 . 0  0 . 0  0 . 2 7  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  
0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4
♦t emp ♦ c o n  2 8 0 .
♦♦ 1 2 3  4 5 6 7 8
♦♦ ' H 2 0 ' ' C 2 1+ '  ' C 1 0 - 2 0 '  ' C 6 - 9 ' ' C 2 - 5 '  ' CH4' ' C 0 2 '  'N2 '
♦♦ ♦ m o l e f r a c  ^ g a s  ♦ c o n  4 ^ 0 . 0  0 . 0 0 0 1  0 . 9 9 9 9  0 . 0  0 . 0
♦♦ I n i t i a l  p e t r o l e u m  p h a s e  f r a c t i o n  a r e : C 2 1 + = 0 . 3 5 8 7 5 5 4 8  C l l - 2 0 = 0 . 3 7 3 6 0 9 0 6
♦♦ C 6 - 1 0 = 0 . 1 9 2 9 3 2 9 2  C l - 5
9 10  1 1
' 0 2 '  'CO' 'COKE'
0 . 0  0 . 0
= 0 . 0 7 4 7 0 2 5 5
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♦♦ 1 2 3 4 5 6 7 8 9  1 0  11
♦♦ ' H 2 0 ' ' C 2 1 + '  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' ' C 0 2 '  ' N2 '  ' 0 2 '  'CO' 'COKE'
♦ m o l e f r a c  * o i l  ♦ c o n  0 . 0  0 . 1 3 9 9  0 . 1 6 0 5  0 . 0 6 0 4 7  0 . 2 3 9 1  0 . 2 2 9  0 . 0  0 . 0
**  ============== NUMERICAL CONTROL ======================
♦ n u m e r i c a l  ♦♦ A l l  t h e s e  c a n  b e  d e f a u l t e d .  The  d e f i n i t i o n s  
♦♦ h e r e  m a t c h  t h e  p r e v i o u s  d a t a .
♦DTMAX 0 . 2 5  
♦♦ ♦DTMAX . 0 1  
♦♦ ♦DTMAX 0 . 2 5  
♦♦ ♦DTMAX 1 . 5
♦ m a x s t e p s  7 3 0 0 0  ♦ n o r t h  10 ♦ n e w t o n c y c  29  ♦ i t e r m a x  120  
♦ u n r e l a x  - 1  ♦ p i v o t  #o n  ♦ p v t o s c m a x  15
♦norm p r e s s  2 8 0  s a t u r  0 . 3 9  t e m p  2 50  
♦ c o n v e r g e
♦ p r e s s  4 . 3 5  
♦ s a t u r  0 . 0 4 9  
♦ t e m p  1 . 7 9  
♦ y  0 . 0 9  
♦ x  0 . 0 9  
♦w 0 . 0 9  
♦ z o  0 . 0 4  
♦ z n c g  0 . 0 4  
♦ z a q  0 . 5  
♦ w e l l r e s  1 
♦ m a t b a l t o l  1
♦ r u n
♦♦ ============== r e c u r r e n t  d a t a  ======================
♦♦ P r o j e c t  s t a r t s  o n z e r o  t i m e  a nd  d t w e l .  t h e  s t a r t i n g  t i m e  s t e p  s i z e  i s  0 . 1  d a y s  
t i m e  0 d t w e l l  . 0 0 0 1
♦♦ 3
** __________________________________________________________________________
WELL 1 'UPDIP PRDCR' ♦♦ O O O O O
♦♦ RAD GEOFAC WFRAC SKIN
GEOMETRY ♦K 0 . 3 7 5  0 . 2 4 9  1 . 0  0 . 0
PRODUCER 1
OPERATE MAX l i q u i d  2 3 0 0  ♦♦ Maximum L i q u i d  R a t e  2 0 0 0  -  1 6 0 0  B/D
OPERATE MIN b hp  5 5 0 0  ♦♦ Minimum BHP 5 5 0 0  - 5 9 0 0  p s i
MONITOR MAX w o r  9 s h u t i n ♦♦ Maximum WOR=9:1  o r  w a t e r - c u t  90%
PERF ♦GEO 1
j k f f  i r  j r  k r  w i = 0 . 0 0 7 0 8 2 ^ k +h / l n ( 0 . 5 ^ r e / r w )
20
**
3 : 8 2 1
WELL 2 'DOWNDIP INJECTOR' * * o  o  o  o  o
** RAD GEOFAC WFRAC SKIN
GEOMETRY ♦K 0 . 3 7 5 0 . 2 4 9  1 . 0  0 . 0
INJECTOR m o b w e i g h t 2
OPERATE MAX WATER 4 5 0 0 . ♦♦ Maximum W a t e r  I n j e c t i o n  R a t e  4 . 5 MBBLS/D
OPERATE MAX bhp 6 8 0 0 . ♦♦ Maximum I n j e c t i o n  B H P r e s s u r e  6 9 0 0 - 6 7 0 0  p s i
INCOMP WATER 1 9 ^ 0 . 0
TINJOV 90 ♦♦ I n j e c t i o n  WATER T e m p e r a t u r e
♦♦ g e o m e t r y  - 1 0  0 0 ♦♦ U s e  t u b e - e n d  o p t i o n
PERF ♦GEO 2
★ ★ j_ j k f f  i r  j r  k r  w i = 0 . 0 0 7 0 8 2 ^ k ^ h / l n ( 0 . 5 ^ r e / r w )
4 4 : 7 2 1
★ *
TIME 0 . 0 0 0 0 1
TIME 1 . 0
TIME 3 1 . 0
o u t s r f  g r i d  p r e s  sw s o  s g  t emp  y  x  w s o l c o n c  o b h l o s s
masdenw m a s d e n o  m a s d e n g  p co w p c o g  v i s w  v i s o  v i s g  
krw k r o  k r g  k v a l y w  k v a l y x  cmpdenw c mpde no  c m p v i s w  
c m p v i s o  c m p v i s g  c c h l o s s
TIME 9 0 . 0
TIME 1 1 5 . 0
TIME 1 8 2 . 6 2 5
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s t o p
o u t s r f  g r i d  p r e s  sw s o  s g  t emp  y  x  w s o l c o n c  o b h l o s s
masde nw m as d e n o  m a s d e n g  p c o w p c o g  v i s w  v i s o  v i s g  
krw k r o  k r g  k v a l y w  k v a l y x  cmpdenw c mpde no  c m p v i s w  
c m p v i s o  c m p v i s g  c c h l o s s
3 6 5 . 2 5
o u t s r f  g r i d  p r e s  sw s o  s g  t emp  y  x  w s o l c o n c  o b h l o s s
masde nw m as d e n o  m a s d e n g  p co w p c o g  v i s w  v i s o  v i s g  
krw k r o  k r g  k v a l y w  k v a l y x  cmpdenw c mp de no  c m p v i s w  
c m p v i s o  c m p v i s g  c c h l o s s
5 4 7 . 8 7 5
7 3 0 . 5 0
o u t s r f  g r i d  p r e s  sw s o  s g  t e mp  y  x  w s o l c o n c  o b h l o s s
ma sd en w m as d e n o  m a s d e n g  p co w p c o g  v i s w  v i s o  v i s g  
krw k r o  k r g  k v a l y w  k v a l y x  cmpdenw c mpde no  c m p v i s w  
c m p v i s o  c m p v i s g  c c h l o s s
9 1 3 . 1 2 5
1 0 9 5 . 7 5
1 4 6 1 .
o u t s r f  g r i d  p r e s  s w  s o  s g  t e mp  y  x  w s o l c o n c  o b h l o s s
ma sd en w m a s d e n o  m a s d e n g  p co w p c o g  v i s w  v i s o  v i s g  
krw k r o  k r g  k v a l y w  k v a l y x  cmpdenw c mpde no  c m p v i s w  
c m p v i s o  c m p v i s g  c c h l o s s
1 8 2 6 . 2 5
2 1 9 1 . 5
2 5 5 6 . 7 5
2 9 2 2 .
o u t s r f  g r i d  p r e s  s w  s o  s g  t e mp  y  x  w s o l c o n c  o b h l o s s
masde nw m a s d e n o  m a s d e n g  pc o w p c o g  v i s w  v i s o  v i s g  
krw k r o  k r g  k v a l y w  k v a l y x  cmpdenw c mp de no  c m p v i s w  
c m p v i s o  c m p v i s g  c c h l o s s
3 2 8 7 . 2 5
o u t s r f  g r i d  p r e s  sw  s o  s g  t e mp  y  x  w s o l c o n c  o b h l o s s
masdenw m a s d e n o  m a s d e n g  p co w p c o g  v i s w  v i s o  v i s g  
krw k r o  k r g  k v a l y w  k v a l y x  cmpdenw c mpde no  c m p v i s w  
c m p v i s o  c m p v i s g  c c h l o s s
3 6 5 0
o u t s r f  g r i d  p r e s  s w  s o  s g  t e mp  y  x  w s o l c o n c  o b h l o s s
masde nw m a s d e n o  m a s d e n g  p co w p c o g  v i s w  v i s o  v i s g  
krw k r o  k r g  k v a l y w  k v a l y x  cmpdenw c mp de no  c m p v i s w  
c m p v i s o  c m p v i s g  c c h l o s s
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♦♦ C02 FLOODING IN GAS CONDENSATE RESERVOIR UPDIP HP- DOWNDIP HI .
**  HORIZONTAL PRODUCER DOWNDIP (HP) —  HORIZONTAL INJECTOR UPDIP ( HI)
**  =======================C02 COND ISC HPHI,DAT==================
* *  ■
♦♦ T h i s  i s  STARS d a t a  s e t  f o r  C o n d e n s a t e  F i e l d  S c a l e  I n - S i t u  C o m b u s t i o n
♦♦ C02 FLOODING IN GAS CONDENSATE RESERVOIR PREDICTION CASE - MR = 1 . 2 7 3 5  ME
♦♦ DOWDIP HORIZONTAL PRODUCER & UPDIP HORIZONTAL INJECTOR.
♦♦ BASED ON CLAIR/AUSTRALIAN CRUDE TYPE CHEMICAL REACTION KINETICS &
♦♦ NORTH SEA GAS CONDENSATE RESERVOIR PVT COMPOSITION
♦♦ F e a t u r e s :
♦♦ 1 )  N i n e - p o i n t  d i s c r e t i z a t i o n  i n  t h e  a r e a l  p l a n e .
♦♦ 2 )  D i s t i n c t  p e r m e a b i l i t y  l a y e r i n g .
♦♦ 3 )  F i v e  h y d r o c a r b o n  c o m p o n e n t s ,  1 1  p s e u d o - c o m p o n e n t s  i n  t o t a l
♦♦ 4 )  A u t o m a t i c  i n i t i a l  v e r t i c a l  e q u i l i b r i u m  c a l c u l a t i o n .
♦♦ 5 )  M u l t i - l a y e r  w e l l  w i t h  a d d i t i o n a l  i n j e c t i o n  a nd  p r o d u c t i o n
♦♦ o p e r a t i n g  c o n s t r a i n t s .
♦♦  6 )  F o u r  c h e m i c a l  r e a c t i o n s :
♦♦  ( a )  c r a c k i n g  o f  l i g h t  o i l  t o  c o k e .
** ( b )  g a s  b u r n i n g .
♦♦ ( c )  l i g h t  a nd  h e a v y  o i l  b u r n i n g .
♦♦ ( d )  c o k e  b u r n i n g .
♦♦  B u r n i n g  p r o d u c e s  w a t e r  a n d  C0+C02 m i x t u r e .
♦♦ 7 )  C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  MR = 1 . 2 7 3 5  ME 
♦♦ 8 )  H i g h  i n i t i a l  p r e s s u r e  6 0 0 0  p s i a .
♦♦ 9 )  S i m u l a t i o n  s t o p s  when p r o d u c i n g  e n d  r e a c h e s  6 0 0  F.
**---------------------------------------------------------------------------------------------------------------------------
** ============== INPUT/OUTPUT c o n t r o l  ======================
f i l e n a m e  o u t p u t  i n d e x - o u t  m a i n - r e s u l t s - o u t  ♦♦ U s e  d e f a u l t  f i l e  name s
* t i t l e l  ' C02 FLOODING IN GAS CONDENSATE RESERVOIR PREDICTION C A S E . ’
* T i t l e 2  'GAS CONDENSATE RESERVOIR WITH OIL RIM'
♦ t i t l e 3  'UPDIP HORIZONTAL PRODUCER - DOWNDIP HORIZONTAL INJECTOR’
* i n u n i t  ♦ f i e l d  ♦♦ o u t p u t  s a me  a s  i n p u t  
♦ o u t p r n  * g r i d  ♦ a l l
♦♦ * o u t p r n  ♦ g r i d  ♦ p r e s  ♦sw * s o  ♦ s g  * t em p  ♦y ♦ x  ♦w ♦ s o l c o n c  
♦ o b h l o s s  * v i s o  
♦ o u t p r n  * w e l l  * a l l
♦ w r s t  20  ♦wprn * g r i d  3 00  *wprn * i t e r  3 0 0  
♦REWIND 1
♦DIM ♦MDPTGL 14
♦♦ ♦RESTART 9 1 4 0  
♦♦ INDEX-IN ' ISC_HPHI . I R F '
o u t s r f  g r i d  a l l
♦♦ o u t s r f  g r i d  p r e s  s o  s g  t emp
o u t s r f  s p e c i a l  m a t b a l  w e l l  2 ♦♦ C u m u l a t i v e  l i t e  o i l  p r o d u c e d
m a t b a l  w e l l  3 ♦♦ C u m u l a t i v e  medm o i l  p r o d u c e d
m a t b a l  w e l l  4 ♦♦ C u m u l a t i v e  h e v y  o i l  p r o d u c e d
o b h l o s s  ♦♦ C u m u l a t i v e  h e a t  l o s s
b l k v a r  s g  0 1 ♦♦ T e m p e r a t u r e  i n  b l o c k  ( 1 . 1 . 1 )
b l k v a r  s o  0 23 ♦♦ O i l  s a t u r a t i o n
b l k v a r  p r e s  0 23  ♦♦ P r e s s u r e
♦PARTCLMLWT 1 3 . 6  ♦♦ COKE ( C H 1. 6 )  MOLECULAR WEIGHT I S  1 3 . 6
♦♦ ======------    GRID AND RESERVOIR DEFINITION ======== ----------====
♦ g r i d  ♦ v a r i  22  9 5
♦ d i  ♦ i v a r  3 8 4 . 8  3 ^ 1 9 2 . 4 1  1 7 ^ 9 6 . 2 1  1 4 4 . 3 2  
♦ d j  ♦ c o n  9 6 . 2 1
♦dk  ♦ k v a r  3 5 . 7  3 5 . 2  3 4 . 8  3 4 . 5  3 4 . 6  
♦♦ ♦ d t o p  ^ i v a r
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** *DIP 8 1 . 8  0 . 0
♦ d e p t h  * i v a r
8 6 2 0  8 6 0 0  8 5 8 0  8 5 6 0  8 5 4 0  8 5 2 0  8 5 0 0  8 4 8 0  8 4 6 0  8 4 4 0  8 4 2 0  8 4 0 0  
8 3 8 0  8 3 6 0  8 3 4 0  8 3 2 0  8 3 0 0  8 2 8 0  8 2 6 0  8 2 4 0  8 2 2 0  8 2 0 0  
** 8 3 9 0  8 3 8 0  8 3 7 0  8 3 6 0  8 3 5 0  8 3 4 0  8 3 3 0  8 3 2 0  8 3 1 0  8 3 0 0  8 2 9 0  8 2 8 0
** 8 2 7 0  8 2 6 5  8 2 6 0  8 2 5 5  8 2 5 0  8 2 4 0  8 2 3 0  8 2 2 0  8 2 1 0  8 2 0 0
♦ p o r  * c o n  0 . 1 9 2 6 4
♦ p e r m i  * k v a r  3 * 1 1 0 0 . 0  2 * 1 3 0 0 . 0
*permj  * e q u a l s i
*permk * e q u a l s i  /  10
** * p e r m i  * k v a r  3 * 1 0 8 2 - 8 7 2  2 - 6 7 2 * 9 9 7 - 6 9 7 . 6 - 5 9 7  *permj  * e q u a l s i  *permk * e q u a l s i  /  10  
♦ E N D -G R ID
* c p o r  6 . 1 2 3 e - 5  
* p r p o r  1 0 00  
* r o c k c p  3 5 . 6
* t h c o n r  36  * t h c o n w  36  * t h c o n o  36 * t h c o n g  36  
♦ h l o s s p r o p  o v e r b u r  3 5 . 6  36  u n d e r b u r  3 5 . 6  36
** ============== FLUID DEFINITIONS ======================
** NORTH SEA LIGHT OIL (BR_5CPVT.XLS)
♦ m o d e l  1 1  10  8 **  Number o f  n o n c o n d e n s i b l e  g a s e s  i s  numy-numx = 2
** Number o f  s o l i d  c o m p o n e n t s  i s  ncomp-numy = 1
** N2 & C02 s o l u b l e  i n  t h e  l i q u i d  p e t r o l e u m  p h a s e
** 0 2  & CO o n l y  t h e  g a s  p h a s e  i n s o l u b l e  i n  t h e  l i q u i d  p e t r o l e u m  p h a s e
♦compname ' H2 0'  ' C 2 1+ '  ' 0 1 1 - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4' ' C 0 2 '  ' N 2 '  ' 0 2 '  'CO' 'COKE'
**               ___
*cmm 18 3 6 1 . 5 2  1 8 3 . 0 0  1 0 5 . 5 9  4 0 . 5 2  1 6 . 0 4 3  4 4 . 0 1  2 8 . 0 1 3  32  2 8 . 0 1
♦ p c r i t  3 1 5 5  3 5 7 . 8 6  2 9 9 . 8 0  3 8 3 . 0 8  6 4 5 . 6 2  6 6 7 . 2  1 0 7 1 . 0  4 9 2 . 3 1  7 3 0  5 0 7 . 5
♦ t c r i t  7 0 5 . 7  1 0 6 6 . 2 4  7 5 0 . 5 6  5 3 6 . 2 6  1 6 8 . 2 9  - 1 1 6 . 5 9  8 7 . 5 6  - 2 3 2 . 5 1  - 1 8 1 . 7 2  - 2 2 0 . 7 8
* a v g  0
* b v g  0
♦compname  
**
♦ a v i s o
♦ b v i s c




♦ c t l
3 . 9 2 6 e - 6  3 . 8 7 6 e - 6  3 . 1 5 6 e - 6  2 . 1 6 6 e - 6  2 . 1 2 7 e - 4  2 . 1 9 6 0 e - 4  2 . 1 9 6 0 e - 4  2 . 1 9 6 0 e - 4  2 . 1 9 6 0 e - 4
1 . 1 0 2  1 . 0 5 6
’H20' 'C21+'
1 . 0 0 5  0 . 9 4 3  0 . 7 2 1  0 . 7 2 1





H 2 0 '
0 . 1 3 2 6 8 3  0 . 1 3 2 8 2 3  
1 4 7 8 . 3 2  1 2 9 5 . 3 2
0 . 0 4 8 1  
3 . 9 e - 6  
C21+'  ' C l l -
0 . 1 3 0 9
4 e - 6
0 . 1 5 2 2 9 6  0 . 1 9 0 2 4 8  
8 5 2 . 6 6  4 7 8 . 5 1
0 . 2 0 0 0  0 . 2 0 2 4
4 . 5 e - 6  5 e - 6
2 0 '  ' C 6 - 1 0 '  ' C 2 - 5' ' CH4
0 . 7 2 1  
' CH4'
0 . 1 3 7 8 4 9  
2 0 5 . 4 5  
0 . 4 0 2 4  
6 . 5 e - 6 
' C 0 2 '
0 . 7 0 2  
' C02 '
0 . 7 0 2  
' N 2 1
0 . 0 4 4 1 2 6  
1 0 4 0 . 5 4  
0 . 6 6 2 3  
7 e - 6  
' N 2 '
, 5 e - 6  
' 0 2 '
’ 02  ‘ 'CO' 'COKE'
0 . 1 4 1 2 6 9
1 6 2 . 5 4
0 . 6 9 4 4 LBMOLE/FT3
CO' 'COKE'
1 . 4 e - 4  1 . 4 9 6 e - 4  1 . 9 5 8 e - 4  2 . 5 2 7 e - 4  2 . 6 4 9 e - 4  2 . 8 3 9 e - 4  2 . 8 3 9 e - 4
** CHEMICAL REACTION 1 
♦compname ' H2 0'  ' C 2 1+ '  
★ ★
♦ s t o r e a c  0 1
♦ s t o p r o d  0 0
- C r a c k i n g :  C21+ - >  CH4 + Coke
' C l l - 2 0 '  ' C 6 - 1 0 ' ' C 2 - 5 '  ' CH4' 'C02' ’ N 2 1
** C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  on:  
♦ f r e q f a c  1 . 2 7 3 5 e 5  * e a c t  3 8 0 0 0  * r e n t h  0
** * f r e q f a c  1 . 0 e 5  * e a c t  3 8 0 0 0  * r e n t h  0
** * f r e q f a c  2 . 1 e 5  * e a c t  2 5 0 0 0  * r e n t h  0
★ ★   _ _ _ _ _  _ _ _ _ _ _ _ _   _ _ _ _ _  -
** CHEMICAL REACTION 2 - C r a c k i n g :  C21+
♦compname ' H 20 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  '
**         ____
♦ s t o r e a c  0 1
♦ s t o p r o d  0 0
0 0
4 . 9 7 5  0
MR = 1 . 2 7 3 5  ME
-> 




' C 0 2 ' ’ N 2 '
0 0 0
0 0 4 . 0 4 5 8
** C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  o n:  
♦ f r e q f a c  0 . 8 9 1 e 5  * e a c t  3 9 0 0 0  * r e n t h  0 
** * f r e q f a c  0 . 7 e 5  * e a c t  3 9 0 0 0  * r e n t h  0 
** * f r e q f a c  2 . 1 e 5  * e a c t  2 5 0 0 0  * r e n t h  0
0 0
0 0
MR = 1 . 2 7 3 5  ME
** CHEMICAL REACTION 3 - C r a c k i n g :  C1 0 - C2 0  - >
♦compname ' H2 0 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '
**           ___
♦ s t o r e a c  0 0 1 0  0
♦ s t o p r o d  0 0 0 0 0
CH4 + Coke  
' CH4' ' C 0 2 ' ’ N2 '
0
2 . 9 2 6 8
' 0 2 '  'CO'




7 2 9 1




5 2 6 7
'CO' 'COKE'
0 1 0 . 0 1 2 7
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♦♦ C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  o n :  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  0 . 5 e 5  ♦ e a c t  4 5 0 0 0  ♦ r e n t h  0 
♦♦ * f r e q f a c  0 . 6 3 7 e 5  ♦ e a c t  4 5 0 0 0  * r e n t h  0 
♦♦ * f r e q f a c  2 . 0 e 5  * e a c t  2 7 0 0 0  * r e n t h  0
♦♦ CHEMICAL REACTION 4 -  Hea vy  O i l  B u r n i n g :  C21+ + 0 2  - >  H20 + CO + e n e r g y
♦compname ' H 2 0 '  ' C 2 1+ '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4' ' C 0 2 '  ' N 2 '  ' 0 2 '  'CO' 'COKE'
★ ★
♦ s t o r e a c  0 1 0 0  0 0  0 0  2 6 . 1 1 8 7  0 0
♦ s t o p r o d  2 6 . 5 3 3 2  0 0 0  0 0  0 0 0  2 5 . 7 0 4 1  0
♦♦ C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  o n :  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  3 . 8 4 6 e l 0  ♦ e a c t  1 2 4 0 0  ♦ r e n t h  1 0 2 9 3 . 9  
♦♦ ♦ f r e q f a c  3 . 8 4 6 e l 0  ♦ e a c t  1 3 5 0 0  ♦ r e n t h  1 0 2 9 3 . 9
♦♦ ♦ f r e q f a c  3 . 0 2 0 e l 0  ♦ e a c t  1 3 5 0 0  ♦ r e n t h  1 0 2 9 3 . 9
♦♦ ♦RTEMLOWR 7 9 0 . 0  
♦♦ ♦RTEMUPR 7 9 0 . 1
*  *  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
♦♦ CHEMICAL REACTION 5 -  Medium O i l  B u r n i n g :  C 1 0 - C 20  + 0 2  - >  H20 + CO + e n e r g y
♦compname ' H 2 0 '  ' C 2 1+ '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4' ' C 0 2 '  ' N 2 '  ' 0 2 '  'CO' 'COKE'
**                     ____
♦ s t o r e a c  0 0 1 0  0 0 0 0  1 3 . 4 0 1 6  0 0
♦ s t o p r o d  1 3 . 8 6 3 7  0 0 0  0 0 0 0  0 1 2 . 9 3 9 5  0
♦♦ C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  o n :  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  3 . 8 4 6 e l 0  ♦ e a c t  1 4 1 0 0  ♦ r e n t h  4 9 2 0 . 3  
♦♦ ♦ f r e q f a c  3 . 8 4 6 e l 0  ♦ e a c t  1 5 5 0 0  ♦ r e n t h  4 9 2 0 . 3
♦♦ ♦ f r e q f a c  3 . 0 2 0 e l 0  ♦ e a c t  1 5 5 0 0  ♦ r e n t h  4 9 2 0 . 3
♦♦ ♦RTEMLOWR 7 9 0 . 0  
♦♦ ♦RTEMUPR 7 9 0 . 1
ir ir
♦♦ CHEMICAL REACTION 6 -  L i g h t  O i l  B u r n i n g :  C6-C9 + 0 2  - >  H20 + CO + e n e r g y
♦compname ' H 2 0 '  ' C2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4' ' C 0 2 '  ' N2 '  ' 0 2 '  'CO' 'COKE'
**                     ____
♦ s t o r e a c  0 0 0 1  0 0 0 0  7 . 8 9 8 2  0 0
♦ s t o p r o d  8 . 3 9 6 5  0 0 0 0 0 0 0 0 7 . 4 0  0
♦♦ C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  o n :  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  3 . 8 4 6 e l 0  ♦ e a c t  1 4 2 0 0  ♦ r e n t h  2 4 2 0 . 2  
♦♦ ♦ f r e q f a c  3 . 8 4 6 e l 0  ♦ e a c t  1 5 5 0 0  ♦ r e n t h  2 4 2 0 . 2
♦♦ ♦ f r e q f a c  3 . 0 2 0 e l 0  ♦ e a c t  1 5 5 0 0  ♦ r e n t h  2 4 2 0 . 2
♦♦ ♦RTEMLOWR 7 9 0 . 0  
♦♦ ♦RTEMUPR 7 9 0 . 1
*  *  -----------------------------------------------------------------------------------------------------------------------------------------
♦♦ CHEMICAL REACTION 7 -  H y d r o c a r b o n  Gas B u r n i n g :  C2-C5 + 0 2  - >  H20 + CO + e n e r g y
♦compname ' H2 0 '  ' C2 1 +'  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4' ' C 0 2 '  ' N 2 '  ' 0 2 '  'CO' 'COKE'
*★                     ____
♦ s t o r e a c  0 0 0 0  1 0  0 0  3 . 2 2 4 2  0 0
♦ s t o p r o d  3 . 6 8 5 7 6  0 0 0  0 0 0 0 0  2 . 7 6 2 7  0
♦♦ C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  o n :  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  3 . 8 4 6 e l 0  ♦ e a c t  1 5 0 0 0  ♦ r e n t h  1 4 6 3 . 4
♦♦ ♦ f r e q f a c  3 . 0 2 0 e l 0  ♦ e a c t  1 5 0 0 0  ♦ r e n t h  1 4 6 3 . 4
♦♦ ♦RTEMLOWR 7 9 0 . 0
♦♦ ♦RTEMUPR 7 9 0 . 1
*  *  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
♦♦ CHEMICAL REACTION 8 -  Coke  B u r n i n g :  C o ke  + 0 2  - >  H20 + C02 + e n e r g y
♦compname ' H 2 0 '  ' C2 1 +'  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4' ' C 0 2 '  ' N 2 '  ' 0 2 '  'CO' 'COKE'
**                     ____
♦ s t o r e a c  0 0  0 0 0 0 0 0 1 . 4 0  1
♦ s t o p r o d  0 . 8 0  0 0 0 0 1 0 0 0  0
♦ f r e q f a c  3 . 0 e 5  ♦ e a c t  5 5 0 0  ♦ r e n t h  4 6 1 . 3  
♦♦ ♦RTEMLOWR 7 9 0 . 0  
♦♦ ♦RTEMUPR 7 9 0 . 1
*  *  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
♦♦ CHEMICAL REACTION 9 - Gas b u r n i n g :  CH4 + 20 2  - >  2H20 + C02 + e n e r g y
♦compname ' H 2 0 '  ' C 2 1+ '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4' ' C 0 2 '  ' N 2 '  ' 0 2 '  'CO' 'COKE'
*★             ____
♦ s t o r e a c  0 0  0 0 0 1 0 0 1 . 5 0  0
♦ s t o p r o d  2 0  0 0 0 0 0 0 0 1 0
♦♦ C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  o n :  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  3 . 8 4 6 e l 0  ♦ e a c t  1 5 0 0 0  ♦ r e n t h  1 4 6 3 . 4
♦♦ ♦ f r e q f a c  3 . 0 2 0 e l 0  ♦ e a c t  5 9 4 5 0  ♦ r e n t h  5 0 2 . 5 3 3  ♦♦ R e a c t i o n  E n t h a l p y
♦♦ ♦RTEMLOWR 7 9 0 . 0
B T U / l b m o l e
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★* *RTEMUPR 7 9 0 . 1
itie -------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------
♦♦ CHEMICAL REACTION 10  - C ar bo n M o n o x i d e  b u r n i n g :  CO + 0 . 5  0 2  - >  C02 + e n e r g y
♦compname ' H 2 0 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4' ' C 0 2 '  ' N 2 '  ' 0 2 '  'CO' 'COKE'
*★     ____
♦ s t o r e a c  0 0 0 0 0 0 0 0 0 . 5 1  0
♦ s t o p r o d  0 0  0 0 0 0 1 0  0 0 0
♦♦ C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  o n :  MR = 1 . 2 7 3 5  ME
♦ f r e q f a c  1 . 9 1 e 5  ♦ e a c t  3 2 5 0  ♦ r e n t h  2 . 8 3 8 E 5  
♦♦ ♦ f r e q f a c  1 . 5 e 5  ♦ e a c t  3 2 5 0  ♦ r e n t h  2 . 8 3 8 E 5  
♦♦ ♦RTEMLOWR 7 9 0 . 0  
♦♦ ♦RTEMUPR 7 9 0 . 1  
★ *
♦ s o l d e n  4 . 4
♦♦ P s e u d o c o m p o n e n t  K v a l u e  t a b l e s  f o r  p r e s s u r e s  5 0 0  p s i  & 6 5 0 0  p s i  1 00 F t o  1 3 0 0 F b e  10 0  d e
i n t e r v a l s
♦♦ ♦ k v t a b l i m  5 0 0  6 5 0 0  1 0 0  1 3 0 0
♦ k v t a b l i m  5 0 0 .  3 2 5 0  1 0 0 .  1 3 0 0 .
♦♦ l o w / h i g h  p r e s s u r e ; l o w / h i g h t e m p e r a t u r e
♦ k v t a b l e  2 ♦♦ K v a l u e  t a b l e  f o r  C21+
1 . 4 9 1 E - 0 5  9 . 9 4 1 E - 0 6  7 . 4 5 6 E - 0 6  5 . 9 6 5 E - 0 6  4 . 9 7 1 E - 0 6 4 . 2 6 0 E - 0 6 3 . 7 2 8 E - 0 6 3 . 3 1 4 E - 0 6
2 . 9 8 2 E - 0 6  2 . 7 1 1 E - 0 6  2 . 4 8 5 E - 0 6  2 . 2 9 4 E - 0 6  
1 . 9 3 1 E - 0 4  1 . 2 8 7 E - 0 4  9 . 6 5 5 E - 0 5  7 . 7 2 4 E - 0 5  6 . 4 3 6 E - 0 5 5 . 5 1 7 E - 0 5 4 . 8 2 7 E - 0 5 4 . 2 9 1 E - 0 5
3 . 8 6 2 E - 05 3 . 5 1 1 E - 0 5  3 . 2 1 8 E - 0 5  2 . 9 7 1 E - 0 5  
1 . 2 7 4 E - 0 3  8 . 4 9 6 E - 0 4  6 . 3 7 2 E - 0 4  5 . 0 9 8 E - 0 4  4 . 2 4 8 E - 0 4 3 . 6 4 1 E - 0 4 3 . 1 8 6 E - 0 4 2 . 8 3 2 E - 0 4
2 . 5 4 9 E - 0 4  2 . 3 1 7 E - 0 4  2 . 1 2 4 E - 0 4  1 . 9 6 1 E - 0 4  
5 . 4 2 3 E - 0 3  3 . 6 1 5 E - 0 3  2 . 7 1 2 E - 0 3  2 . 1 6 9 E - 0 3  1 . 8 0 8 E - 0 3 1 . 5 4 9 E - 0 3 1 . 3 5 6 E - 0 3 1 . 2 0 5 E - 0 3
1 . 0 8 5 E - 0 3  9 . 8 6 0 E - 0 4  9 . 0 3 9 E - 0 4  8 . 3 4 3 E - 0 4  
1 . 7 0 7 E - 0 2  1 . 1 3 8 E - 0 2  8 . 5 3 4 E - 0 3  6 . 8 2 7 E - 0 3  5 . 6 8 9 E - 0 3 4 . 8 7 7 E - 0 3 4 . 2 6 7 E - 0 3 3 . 7 9 3 E - 0 3
3 . 4 1 4 E - 0 3  3 . 1 0 3 E - 0 3  2 . 8 4 5 E - 0 3  2 . 6 2 6 E - 0 3  
4 . 3 2 7 E - 0 2  2 . 8 8 4 E - 0 2  2 . 1 6 3 E - 0 2  1 . 7 3 1 E - 0 2  1 . 4 4 2 E - 0 2 1 . 2 3 6 E - 0 2 1 . 0 8 2 E - 0 2 9 . 6 1 5 E - 0 3
8 . 6 5 3 E - 0 3  7 . 8 6 7 E - 0 3  7 . 2 1 1 E - 0 3  6 . 6 5 6 E - 0 3  
9 . 3 4 3 E - 0 2  6 . 2 2 8 E - 02 4 . 6 7 1 E - 0 2  3 . 7 3 7 E - 0 2  3 . 1 1 4 E - 0 2 2 . 6 6 9 E - 0 2 2 . 3 3 6 E - 0 2 2 . 0 7 6 E - 0 2
1 . 8 6 9 E - 0 2  1 . 6 9 9 E - 0 2  1 . 5 5 7 E - 0 2  1 . 4 3 7 E - 0 2  
1 . 7 8 5 E - 0 1  1 . 1 9 0 E - 0 1  8 . 9 2 7 E - 0 2  7 . 1 4 2 E - 0 2  5 . 9 5 1 E - 0 2 5 . 1 0 1 E - 0 2 4 . 4 6 3 E - 0 2 3 . 9 6 8 E - 02
3 . 5 7 1 E - 02 3 . 2 4 6 E - 0 2  2 . 9 7 6 E - 0 2  2 . 7 4 7 E - 0 2  
3 . 1 0 2 E - 0 1  2 . 0 6 8 E - 0 1  1 . 5 5 1 E - 0 1  1 . 2 4 1 E - 0 1  1 . 0 3 4 E - 0 1 8 . 8 6 2 E - 0 2 7 . 7 5 5 E - 0 2 6 . 8 9 3 E - 0 2
6 . 2 0 4 E - 0 2  5 . 6 4 0 E - 0 2  5 . 1 7 0 E - 0 2  4 . 7 7 2 E - 0 2  
4 . 9 9 6 E - 0 1  3 . 3 3 1 E - 0 1  2 . 4 9 8 E - 0 1  1 . 9 9 9 E - 0 1  1 . 6 6 5 E - 0 1 1 . 4 2 8 E - 0 1 1 . 2 4 9 E - 0 1 1 . 1 1 0 E - 0 1
9 . 9 9 3 E - 0 2  9 . 0 8 4 E - 0 2  8 . 3 2 7 E - 0 2  7 . 6 8 7 E - 0 2  
7 . 5 7 1 E - 0 1  5 . 0 4 7 E - 0 1  3 . 7 8 5 E - 0 1  3 . 0 2 8 E - 0 1  2 . 5 2 4 E - 0 1 2 . 1 6 3 E - 0 1 1 . 8 9 3 E - 0 1 1 . 6 8 2 E - 0 1
1 . 5 1 4 E - 0 1  1 . 3 7 7 E - 0 1  1 . 2 6 2 E - 0 1  1 . 1 6 5 E - 0 1  
1 . 0 9 1 1 6  0 . 7 2 7 4 4  5 . 4 5 6 E - 0 1  4 . 3 6 5 E - 0 1  3 . 6 3 7 E - 0 1 3 . 1 1 8 E - 0 1 2 . 7 2 8 E - 0 1 2 . 4 2 5 E - 0 1
2 . 1 8 2 E - 0 1  1 . 9 8 4 E - 0 1  1 . 8 1 9 E - 0 1  1 . 6 7 9 E - 0 1  
1 . 5 0 8 6 7  1 . 0 0 5 7 8  0 . 7 5 4 3 4  6 . 0 3 5 E - 0 1  5 . 0 2 9 E - 0 1 4 . 3 1 0 E - 0 1 3 . 7 7 2 E - 0 1 3 . 3 5 3 E - 0 1
3 . 0 1 7 E - 0 1  2 . 7 4 3 E - 0 1  2 . 5 1 4 E - 0 1  2 . 3 2 1 E - 0 1
♦ k v t a b l e  3 ♦♦ K v a l u e  t a b l e  f o r  C 1 1 -C2 0  
6 . 0 0 3 E - 0 4  4 . 0 0 2 E - 0 4  3 . 0 0 1 E - 0 4  2 . 4 0 1 E - 0 4  2 . 0 0 1 E - 0 4 1 . 7 1 5 E - 0 4 1 . 5 0 1 E - 0 4 1 . 3 3 4 E - 0 4
1 . 2 0 1 E - 0 4  1 . 0 9 1 E - 0 4  1 . 0 0 0 E - 0 4  9 . 2 3 5 E - 0 5  
3 . 9 3 5 E - 0 3  2 . 6 2 3 E - 0 3  1 . 9 6 7 E - 0 3  1 . 5 7 4 E - 0 3  1 . 3 1 2 E - 0 3 1 . 1 2 4 E - 0 3 9 . 8 3 7 E - 0 4 8 . 7 4 4 E - 0 4
7 . 8 7 0 E - 0 4  7 . 1 5 4 E - 0 4  6 . 5 5 8 E - 0 4  6 . 0 5 4 E - 0 4  
1 . 5 7 3 E - 0 2  1 . 0 4 8 E - 0 2  7 . 8 6 3 E - 0 3  6 . 2 9 1 E - 0 3  5 . 2 4 2 E - 0 3 4 . 4 9 3 E - 0 3 3 . 9 3 2 E - 0 3 3 . 4 9 5 E - 0 3
3 . 1 4 5 E - 0 3  2 . 8 5 9 E - 0 3  2 . 6 2 1 E - 0 3  2 . 4 1 9 E - 0 3  
4 . 5 5 4 E - 0 2  3 . 0 3 6 E - 0 2  2 . 2 7 7 E - 0 2  1 . 8 2 2 E - 0 2  1 . 5 1 8 E - 0 2 1 . 3 0 1 E - 0 2 1 . 1 3 9 E - 0 2 1 . 0 1 2 E - 0 2
9 . 1 0 8 E - 0 3  8 . 2 8 0 E - 0 3  7 . 5 9 0 E - 0 3  7 . 0 0 6 E - 0 3  
1 . 0 5 7 E - 0 1  7 . 0 4 5 E - 0 2  5 . 2 8 4 E - 0 2  4 . 2 2 7 E - 0 2  3 . 5 2 2 E - 0 2 3 . 0 1 9 E - 0 2 2 . 6 4 2 E - 0 2 2 . 3 4 8 E - 0 2
2 . 1 1 3 E - 0 2  1 . 9 2 1 E - 0 2  1 . 7 6 1 E - 0 2  1 . 6 2 6 E - 0 2  
2 . 0 9 2 E - 0 1  1 . 3 9 5 E - 0 1  1 . 0 4 6 E - 0 1  8 . 3 6 8 E - 0 2  6 . 9 7 3 E - 0 2 5 . 9 7 7 E - 0 2 5 . 2 3 0 E - 0 2 4 . 6 4 9 E - 0 2
4 . 1 8 4 E - 0 2  3 . 8 0 4 E - 0 2  3 . 4 8 7 E - 0 2  3 . 2 1 8 E - 0 2  
3 . 6 8 1 E - 0 1  2 . 4 5 4 E - 0 1  1 . 8 4 1 E - 0 1  1 . 4 7 3 E - 0 1  1 . 2 2 7 E - 0 1 1 . 0 5 2 E - 0 1 9 . 2 0 3 E - 0 2 8 . 1 8 1 E - 0 2
7 . 3 6 3 E - 0 2  6 . 6 9 3 E - 0 2  6 . 1 3 5 E - 0 2  5 . 6 6 4 E - 0 2  
5 . 9 2 2 E - 0 1  3 . 9 4 8 E - 0 1  2 . 9 6 1 E - 0 1  2 . 3 6 9 E - 0 1  1 . 9 7 4 E - 0 1 1 . 6 9 2 E - 0 1 1 . 4 8 1 E - 0 1 1 . 3 1 6 E - 0 1
1 . 1 8 4 E - 0 1  1 . 0 7 7 E - 0 1  9 . 8 7 1 E - 0 2  9 . 1 1 1 E - 0 2  
0 . 8 8 8 4 2  5 . 9 2 3 E - 0 1  4 . 4 4 2 E - 0 1  3 . 5 5 4 E - 0 1  2 . 9 6 1 E - 0 1 2 . 5 3 8 E - 0 1 2 . 2 2 1 E - 0 1 1 . 9 7 4 E - 0 1
1 . 7 7 7 E - 0 1  1 . 6 1 5 E - 0 1  1 . 4 8 1 E - 0 1  1 . 3 6 7 E - 0 1
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1 . 2 6 0 7 2  0 . 8 4 0 4 8  0 . 6 3 0 3 6  0 . 5 0 4 2 9  4 . 2 0 2 E - 0 1  3 . 6 0 2 E - 0 1  3 . 1 5 2 E - 0 1  2 . 8 0 2 E - 0 1
2 . 5 2 1 E - 0 1  2 . 2 9 2 E - 0 1  2 . 1 0 1 E - 0 1  1 . 9 4 0 E - 0 1
1 . 7 1 0 5 3  1 . 1 4 0 3 5  0 . 8 5 5 2 6  0 . 6 8 4 2 1  0 . 5 7 0 1 8  0 . 4 8 8 7 2  0 . 4 2 7 6 3  0 . 3 8 0 1 2
0 . 3 4 2 1 1  0 . 3 1 1 0 0  0 . 2 8 5 0 9  2 . 6 3 2 E - 0 1
2 . 2 3 7 E+ 00  1 . 4 9 1 3 7  1 . 1 1 8 5 3  0 . 8 9 4 8 2  0 . 7 4 5 6 8  0 . 6 3 9 1 6  0 . 5 5 9 2 6  0 . 4 9 7 1 2
0 . 4 4 7 4 1  0 . 4 0 6 7 4  0 . 3 7 2 8 4  0 . 3 4 4 1 6
2 . 8 3 8E + 00  1 . 8 9 2 E + 0 0  1 . 4 1 9 E + 0 0  1 . 1 3 5 1 1  0 . 9 4 5 9 3  0 . 8 1 0 7 9  0 . 7 0 9 4 5  0 . 6 3 0 6 2
0 . 5 6 7 5 6  0 . 5 1 5 9 6  0 . 4 7 2 9 6  0 . 4 3 6 5 8
♦ k v t a b l e  4 ♦♦ K v a l u e  t a b l e  f o r  C 6 - 1 0
1 . 0 3 6 5 E - 0 2  6 . 9 1 0 3 E - 0 3  5 . 1 8 2 7 E - 0 3  4 . 1 4 6 2 E - 0 3  3 . 4 5 5 2 E - 0 3  2 . 9 6 1 6 E - 0 3  2 . 5 9 1 4 E - 0 3  2 . 3 0 3 4 E - 0 3
2 . 0 7 3 1 E - 0 3  1 . 8 8 4 6 E - 03 1 . 7 2 7 6 E - 0 3  1 . 5 9 4 7 E - 0 3
0 . 0 4 5 6 5 9  0 . 0 3 0 4 3 9  0 . 0 2 2 8 2 9  0 . 0 1 8 2 6 4  0 . 0 1 5 2 2 0  0 . 0 1 3 0 4 5  0 . 0 1 1 4 1 5  0 . 0 1 0 1 4 6
0 . 0 0 9 1 3 2  0 . 0 0 8 3 0 2  0 . 0 0 7 6 1 0  0 . 0 0 7 0 2 4
0 . 1 3 6 1 4 6  0 . 0 9 0 7 6 4  0 . 0 6 8 0 7 3  0 . 0 5 4 4 5 8  0 . 0 4 5 3 8 2  0 . 0 3 8 8 9 9  0 . 0 3 4 0 3 6  0 . 0 3 0 2 5 5
0 . 0 2 7 2 2 9  0 . 0 2 4 7 5 4  0 . 0 2 2 6 9 1  0 . 0 2 0 9 4 6
0 . 3 1 4 8 7 6  0 . 2 0 9 9 1 7  0 . 1 5 7 4 3 8  0 . 1 2 5 9 5 0  0 . 1 0 4 9 5 9  0 . 0 8 9 9 6 5  0 . 0 7 8 7 1 9  0 . 0 6 9 9 7 2
0 . 0 6 2 9 7 5  0 . 0 5 7 2 5 0  0 . 0 5 2 4 7 9  0 . 0 4 8 4 4 2
0 . 6 1 1 5 2 4  0 . 4 0 7 6 8 3  0 . 3 0 5 7 6 2  0 . 2 4 4 6 1 0  0 . 2 0 3 8 4 1  0 . 1 7 4 7 2 1  0 . 1 5 2 8 8 1  0 . 1 3 5 8 9 4
0 . 1 2 2 3 0 5  0 . 1 1 1 1 8 6  0 . 1 0 1 9 2 1  0 . 0 9 4 0 8 1
1 . 0 4 7 8 4 2  0 . 6 9 8 5 6 2  0 . 5 2 3 9 2 1  0 . 4 1 9 1 3 7  0 . 3 4 9 2 8 1  0 . 2 9 9 3 8 4  0 . 2 6 1 9 6 1  0 . 2 3 2 8 5 4
0 . 2 0 9 5 6 8  0 . 1 9 0 5 1 7  0 . 1 7 4 6 4 0  0 . 1 6 1 2 0 7
1 . 6 3 6 3  1 . 0 9 0 8  0 . 8 1 8 1  0 . 6 5 4 5  0 . 5 4 5 4  0 . 4 6 7 5  0 . 4 0 9 1  0 . 3 6 3 6
0 . 3 2 7 3  0 . 2 9 7 5  0 . 2 7 2 7  0 . 2 5 1 7
2 . 3 8 0 6  1 . 5 8 7 1  1 . 1 9 0 3  0 . 9 5 2 2  0 . 7 9 3 5  0 . 6 8 0 2  0 . 5 9 5 2  0 . 5 2 9 0
0 . 4 7 6 1  0 . 4 3 2 8  0 . 3 9 6 8  0 . 3 6 6 2
3 . 2 7 7 8  2 . 1 8 5 2  1 . 6 3 8 9  1 . 3 1 1 1  1 . 0 9 2 6  0 . 9 3 6 5  0 . 8 1 9 4  0 . 7 2 8 4
0 . 6 5 5 6  0 . 5 9 6 0  0 . 5 4 6 3  0 . 5 0 4 3
4 . 3 1 9 6  2 . 8 7 9 7  2 . 1 5 9 8  1 . 7 2 7 8  1 . 4 3 9 9  1 . 2 3 4 2  1 . 0 7 9 9  0 . 9 5 9 9
0 . 8 6 3 9  0 . 7 8 5 4  0 . 7 1 9 9  0 . 6 6 4 5
5 . 4 9 4 6  3 . 6 6 3 1  2 . 7 4 7 3  2 . 1 9 7 8  1 . 8 3 1 5  1 . 5 6 9 9  1 . 3 7 3 6  1 . 2 2 1 0
1 . 0 9 8 9  0 . 9 9 9 0  0 . 9 1 5 8  0 . 8 4 5 3
6 . 7 8 9 5  4 . 5 2 6 4  3 . 3 9 4 8  2 . 7 1 5 8  2 . 2 6 3 2  1 . 9 3 9 9  1 . 6 9 7 4  1 . 5 0 8 8
1 . 3 5 7 9  1 . 2 3 4 5  1 . 1 3 1 6  1 . 0 4 4 5
8 . 1 9 0 3  5 . 4 6 0 2  4 . 0 9 5 2  3 . 2 7 6 1  2 . 7 3 0 1  2 . 3 4 0 1  2 . 0 4 7 6  1 . 8 2 0 1
1 . 6 3 8 1  1 . 4 8 9 2  1 . 3 6 5 1  1 . 2 6 0 1
♦ k v t a b l e  5 ♦♦ K v a l u e  t a b l e  f o r  C 2 - 5
1 . 0 3 6 5 E - 0 2  6 . 9 1 0 3 E - 0 3  5 . 1 8 2 7 E - 0 3  4 . 1 4 6 2 E - 0 3  3 . 4 5 5 2 E - 0 3  2 . 9 6 1 6 E - 0 3  2 . 5 9 1 4 E - 0 3  2 . 3 0 3 4 E - 0 3
2 . 0 7 3 1 E - 03 1 . 8 8 4 6 E - 0 3  1 . 7 2 7 6 E - 0 3  1 . 5 9 4 7 E - 0 3
0 . 0 4 5 6 5 9  0 . 0 3 0 4 3 9  0 . 0 2 2 8 2 9  0 . 0 1 8 2 6 4  0 . 0 1 5 2 2 0  0 . 0 1 3 0 4 5  0 . 0 1 1 4 1 5  0 . 0 1 0 1 4 6
0 . 0 0 9 1 3 2  0 . 0 0 8 3 0 2  0 . 0 0 7 6 1 0  0 . 0 0 7 0 2 4
0 . 1 3 6 1 4 6  0 . 0 9 0 7 6 4  0 . 0 6 8 0 7 3  0 . 0 5 4 4 5 8  0 . 0 4 5 3 8 2  0 . 0 3 8 8 9 9  0 . 0 3 4 0 3 6  0 . 0 3 0 2 5 5
0 . 0 2 7 2 2 9  0 . 0 2 4 7 5 4  0 . 0 2 2 6 9 1  0 . 0 2 0 9 4 6
0 . 3 1 4 8 7 6  0 . 2 0 9 9 1 7  0 . 1 5 7 4 3 8  0 . 1 2 5 9 5 0  0 . 1 0 4 9 5 9  0 . 0 8 9 9 6 5  0 . 0 7 8 7 1 9  0 . 0 6 9 9 7 2
0 . 0 6 2 9 7 5  0 . 0 5 7 2 5 0  0 . 0 5 2 4 7 9  0 . 0 4 8 4 4 2
0 . 6 1 1 5 2 4  0 . 4 0 7 6 8 3  0 . 3 0 5 7 6 2  0 . 2 4 4 6 1 0  0 . 2 0 3 8 4 1  0 . 1 7 4 7 2 1  0 . 1 5 2 8 8 1  0 . 1 3 5 8 9 4
0 . 1 2 2 3 0 5  0 . 1 1 1 1 8 6  0 . 1 0 1 9 2 1  0 . 0 9 4 0 8 1
1 . 0 4 7 8 4 2  0 . 6 9 8 5 6 2  0 . 5 2 3 9 2 1  0 . 4 1 9 1 3 7  0 . 3 4 9 2 8 1  0 . 2 9 9 3 8 4  0 . 2 6 1 9 6 1  0 . 2 3 2 8 5 4
0 . 2 0 9 5 6 8  0 . 1 9 0 5 1 7  0 . 1 7 4 6 4 0  0 . 1 6 1 2 0 7
1 . 6 3 6 3  1 . 0 9 0 8  0 . 8 1 8 1  0 . 6 5 4 5  0 . 5 4 5 4  0 . 4 6 7 5  0 . 4 0 9 1  0 . 3 6 3 6
0 . 3 2 7 3  0 . 2 9 7 5  0 . 2 7 2 7  0 . 2 5 1 7
2 . 3 8 0 6  1 . 5 8 7 1  1 . 1 9 0 3  0 . 9 5 2 2  0 . 7 9 3 5  0 . 6 8 0 2  0 . 5 9 5 2  0 . 5 2 9 0
0 . 4 7 6 1  0 . 4 3 2 8  0 . 3 9 6 8  0 . 3 6 6 2
3 . 2 7 7 8  2 . 1 8 5 2  1 . 6 3 8 9  1 . 3 1 1 1  1 . 0 9 2 6  0 . 9 3 6 5  0 . 8 1 9 4  0 . 7 2 8 4
0 . 6 5 5 6  0 . 5 9 6 0  0 . 5 4 6 3  0 . 5 0 4 3
4 . 3 1 9 6  2 . 8 7 9 7  2 . 1 5 9 8  1 . 7 2 7 8  1 . 4 3 9 9  1 . 2 3 4 2  1 . 0 7 9 9  0 . 9 5 9 9
0 . 8 6 3 9  0 . 7 8 5 4  0 . 7 1 9 9  0 . 6 6 4 5
5 . 4 9 4 6  3 . 6 6 3 1  2 . 7 4 7 3  2 . 1 9 7 8  1 . 8 3 1 5  1 . 5 6 9 9  1 . 3 7 3 6  1 . 2 2 1 0
1 . 0 9 8 9  0 . 9 9 9 0  0 . 9 1 5 8  *- 0 . 8 4 5 3
6 . 7 8 9 5  4 . 5 2 6 4  3 . 3 9 4 8  2 . 7 1 5 8  2 . 2 6 3 2  1 . 9 3 9 9  1 . 6 9 7 4  1 . 5 0 8 8
1 . 3 5 7 9  1 . 2 3 4 5  1 . 1 3 1 6  1 . 0 4 4 5
8 . 1 9 0 3  5 . 4 6 0 2  4 . 0 9 5 2  3 . 2 7 6 1  2 . 7 3 0 1  2 . 3 4 0 1  2 . 0 4 7 6  1 . 8 2 0 1
1 . 6 3 8 1  1 . 4 8 9 2  1 . 3 6 5 1  1 . 2 6 0 1
♦ k v t a b l e  6 ♦♦ K v a l u e  t a b l e  f o r  CH4
1 0 . 8 8 6 5  7 . 2 5 7 7  5 . 4 4 3 2  4 . 3 5 4 6  3 . 6 2 8 8  3 . 1 1 0 4  2 . 7 2 1 6  2 . 4 1 9 2  2 . 1 7 7 3  1 . 9 7 9 4  1 . 8 1 4 4  1 . 6 7 4 8
1 8 . 0 1 4 4  1 2 . 0 0 9 6  9 . 0 0 7 2  7 . 2 0 5 8  6 . 0 0 4 8  5 . 1 4 7 0  4 . 5 0 3 6  4 . 0 0 3 2  3 . 6 0 2 9  3 . 2 7 5 4  3 . 0 0 2 4  2 . 7 7 1 5
2 6 . 1 0 9 2  1 7 . 4 0 6 1  1 3 . 0 5 4 6  1 0 . 4 4 3 7  8 . 7 0 3 1  7 . 4 5 9 8  6 . 5 2 7 3  5 . 8 0 2 0  5 . 2 2 1 8  4 . 7 4 7 1  4 . 3 5 1 5  4 . 0 1 6 8
3 4 . 7 1 2 3  2 3 . 1 4 1 5  1 7 . 3 5 6 1  1 3 . 8 8 4 9  1 1 . 5 7 0 8  9 . 9 1 7 8  8 . 6 7 8 1  7 . 7 1 3 8  6 . 9 4 2 5  6 . 3 1 1 3  5 . 7 8 5 4  5 . 3 4 0 4
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4 3 . 4 9 1 5  2 8 . 9 9 4 3  2 1 . 7 4 5 8  1 7 . 3 9 6 6  1 4 . 4 9 7 2  1 2 . 4 2 6 1  1 0 . 8 7 2 9  9 . 6 6 4 8  8 . 6 9 8 3  7 . 9 0 7 5  7 . 2 4 8 6
6 . 6 9 1 0
5 2 . 2 2 1 6  3 4 . 8 1 4 4  2 6 . 1 1 0 8  2 0 . 8 8 8 6  1 7 . 4 0 7 2  1 4 . 9 2 0 5  1 3 . 0 5 5 4  1 1 . 6 0 4 8  1 0 . 4 4 4 3  9 . 4 9 4 8  8 . 7 0 3 6
8 . 0 3 4 1
6 0 . 7 5 7 3  4 0 . 5 0 4 9  3 0 . 3 7 8 6  2 4 . 3 0 2 9  2 0 . 2 5 2 4  1 7 . 3 5 9 2  1 5 . 1 8 9 3  1 3 . 5 0 1 6  1 2 . 1 5 1 5  1 1 . 0 4 6 8  1 0 . 1 2 6 2
9 . 3 4 7 3
6 9 . 0 0 9 7  4 6 . 0 0 6 5  3 4 . 5 0 4 9  2 7 . 6 0 3 9  2 3 . 0 0 3 2  1 9 . 7 1 7 1  1 7 . 2 5 2 4  1 5 . 3 3 5 5  1 3 . 8 0 1 9  1 2 . 5 4 7 2  1 1 . 5 0 1 6
1 0 . 6 1 6 9
7 6 . 9 2 8 6  5 1 . 2 8 5 8  3 8 . 4 6 4 3  3 0 . 7 7 1 5  2 5 . 6 4 2 9  2 1 . 9 7 9 6  1 9 . 2 3 2 2  1 7 . 0 9 5 3  1 5 . 3 8 5 7  1 3 . 9 8 7 0  1 2 . 8 2 1 4
1 1 . 8 3 5 2
8 4 . 4 8 9 6  5 6 . 3 2 6 4  4 2 . 2 4 4 8  3 3 . 7 9 5 8  2 8 . 1 6 3 2  2 4 . 1 3 9 9  2 1 . 1 2 2 4  1 8 . 7 7 5 5  1 6 . 8 9 7 9  1 5 . 3 6 1 7  1 4 . 0 8 1 6
1 2 . 9 9 8 4
9 1 . 6 8 5 0  6 1 . 1 2 3 4  4 5 . 8 4 2 5  3 6 . 6 7 4 0  3 0 . 5 6 1 7  2 6 . 1 9 5 7  2 2 . 9 2 1 3  2 0 . 3 7 4 5  1 8 . 3 3 7 0  1 6 . 6 7 0 0  1 5 . 2 8 0 8
1 4 . 1 0 5 4
9 8 . 5 1 8 3  6 5 . 6 7 8 9  4 9 . 2 5 9 2  3 9 . 4 0 7 3  3 2 . 8 3 9 4  2 8 . 1 4 8 1  2 4 . 6 2 9 6  2 1 . 8 9 3 0  1 9 . 7 0 3 7  1 7 . 9 1 2 4  1 6 . 4 1 9 7
1 5 . 1 5 6 7
1 0 4 . 9 9 9 7  6 9 . 9 9 9 8  5 2 . 4 9 9 9  4 1 . 9 9 9 9  3 4 . 9 9 9 9  2 9 . 9 9 9 9  2 6 . 2 4 9 9  2 3 . 3 3 3 3  2 0 . 9 9 9 9  1 9 . 0 9 0 9  1 7 . 5 0 0 0
1 6 . 1 5 3 8
♦ k v t a b l e  7 ♦♦  K v a l u e  t a b l e  f o r  C02
2 . 4 9 1 4  1 . 6 6 0 9  1 . 2 4 5 7  0 . 9 9 6 6  0 . 8 3 0 5  0 . 7 1 1 8  0 . 6 2 2 9  0 . 5 5 3 6  0 . 4 9 8 3  0 . 4 5 3 0  0 . 4 1 5 2  0 . 3 8 3 3
6 . 8 2 4 9  4 . 5 5 0 0  3 . 4 1 2 5  2 . 7 3 0 0  2 . 2 7 5 0  1 . 9 5 0 0  1 . 7 0 6 2  1 . 5 1 6 7  1 . 3 6 5 0  1 . 2 4 0 9  1 . 1 3 7 5  1 . 0 5 0 0
1 4 . 3 4 1 1  9 . 5 6 0 7  7 . 1 7 0 5  5 . 7 3 6 4  4 . 7 8 0 4  4 . 0 9 7 5  3 . 5 8 5 3  3 . 1 8 6 9  2 . 8 6 8 2  2 . 6 0 7 5  2 . 3 9 0 2  2 . 2 0 6 3
2 5 . 3 5 5 3  1 6 . 9 0 3 5  1 2 . 6 7 7 6  1 0 . 1 4 2 1  8 . 4 5 1 8  7 . 2 4 4 4  6 . 3 3 8 8  5 . 6 3 4 5  5 . 0 7 1 1  4 . 6 1 0 1  4 . 2 2 5 9  3 . 9 0 0 8
3 9 . 8 1 0 3  2 6 . 5 4 0 2  1 9 . 9 0 5 2  1 5 . 9 2 4 1  1 3 . 2 7 0 1  1 1 . 3 7 4 4  9 . 9 5 2 6  8 . 8 4 6 7  7 . 9 6 2 1  7 . 2 3 8 2  6 . 6 3 5 1  6 . 1 2 4 7
5 7 . 4 0 5 7  3 8 . 2 7 0 5  2 8 . 7 0 2 9  2 2 . 9 6 2 3  1 9 . 1 3 5 2  1 6 . 4 0 1 6  1 4 . 3 5 1 4  1 2 . 7 5 6 8  1 1 . 4 8 1 1  1 0 . 4 3 7 4  9 . 5 6 7 6
8 . 8 3 1 7
7 7 . 7 1 5 6  5 1 . 8 1 0 4  3 8 . 8 5 7 8  3 1 . 0 8 6 2  2 5 . 9 0 5 2  2 2 . 2 0 4 5  1 9 . 4 2 8 9  1 7 . 2 7 0 1  1 5 . 5 4 3 1  1 4 . 1 3 0 1  1 2 . 9 5 2 6
1 1 . 9 5 6 2
1 0 0 . 2 7 2 0  6 6 . 8 4 8 0  5 0 . 1 3 6 0  4 0 . 1 0 8 8  3 3 . 4 2 4 0  2 8 . 6 4 9 1  2 5 . 0 6 8 0  2 2 . 2 8 2 7  2 0 . 0 5 4 4  1 8 . 2 3 1 3  1 6 . 7 1 2 0
1 5 . 4 2 6 5
1 2 4 . 6 1 6 6  8 3 . 0 7 7 7  6 2 . 3 0 8 3  4 9 . 8 4 6 6  4 1 . 5 3 8 9  3 5 . 6 0 4 7  3 1 . 1 5 4 1  2 7 . 6 9 2 6  2 4 . 9 2 3 3  2 2 . 6 5 7 6  2 0 . 7 6 9 4
1 9 . 1 7 1 8
1 5 0 . 3 2 8 4  1 0 0 . 2 1 8 9  7 5 . 1 6 4 2  6 0 . 1 3 1 4  5 0 . 1 0 9 5  4 2 . 9 5 1 0  3 7 . 5 8 2 1  3 3 . 4 0 6 3  3 0 . 0 6 5 7  2 7 . 3 3 2 4  2 5 . 0 5 4 7
2 3 . 1 2 7 4
1 7 7 . 0 3 6 2  1 1 8 . 0 2 4 1  8 8 . 5 1 8 1  7 0 . 8 1 4 5  5 9 . 0 1 2 1  5 0 . 5 8 1 8  4 4 . 2 5 9 0  3 9 . 3 4 1 4  3 5 . 4 0 7 2  3 2 . 1 8 8 4  2 9 . 5 0 6 0
2 7 . 2 3 6 3
2 0 4 . 4 2 1 4  1 3 6 . 2 8 0 9  1 0 2 . 2 1 0 7  8 1 . 7 6 8 5  6 8 . 1 4 0 5  5 8 . 4 0 6 1  5 1 . 1 0 5 3  4 5 . 4 2 7 0  4 0 . 8 8 4 3  3 7 . 1 6 7 5  3 4 . 0 7 0 2
3 1 . 4 4 9 4
2 3 2 . 2 1 6 1  1 5 4 . 8 1 0 7  1 1 6 . 1 0 8 0  9 2 . 8 8 6 4  7 7 . 4 0 5 4  6 6 . 3 4 7 5  5 8 . 0 5 4 0  5 1 . 6 0 3 6  4 6 . 4 4 3 2  4 2 . 2 2 1 1  3 8 . 7 0 2 7
3 5 . 7 2 5 6
♦ k v t a b l e  8 ♦♦ K v a l u e  t a b l e  f o r  N2
2 7 . 0 1 8 8  1 8 . 0 1 2 5  1 3 . 5 0 9 4  1 0 . 8 0 7 5  9 . 0 0 6 3  7 . 7 1 9 7  6 . 7 5 4 7  6 . 0 0 4 2  5 . 4 0 3 8  4 . 9 1 2 5  4 . 5 0 3 1  4 . 1 5 6 7
3 8 . 0 4 8 3  2 5 . 3 6 5 5  1 9 . 0 2 4 1  1 5 . 2 1 9 3  1 2 . 6 8 2 8  1 0 . 8 7 0 9  9 . 5 1 2 1  8 . 4 5 5 2  7 . 6 0 9 7  6 . 9 1 7 9  6 . 3 4 1 4  5 . 8 5 3 6
4 8 . 9 6 4 5  3 2 . 6 4 3 0  2 4 . 4 8 2 2  1 9 . 5 8 5 8  1 6 . 3 2 1 5  1 3 . 9 8 9 8  1 2 . 2 4 1 1  1 0 . 8 8 1 0  9 . 7 9 2 9  8 . 9 0 2 6  8 . 1 6 0 7
7 . 5 3 3 0
5 9 . 4 2 2 5  3 9 . 6 1 5 0  2 9 . 7 1 1 3  2 3 . 7 6 9 0  1 9 . 8 0 7 5  1 6 . 9 7 7 9  1 4 . 8 5 5 6  1 3 . 2 0 5 0  1 1 . 8 8 4 5  1 0 . 8 0 4 1  9 . 9 0 3 8
9 . 1 4 1 9
6 9 . 2 6 3 8  4 6 . 1 7 5 9  3 4 . 6 3 1 9  2 7 . 7 0 5 5  2 3 . 0 8 7 9  1 9 . 7 8 9 7  1 7 . 3 1 6 0  1 5 . 3 9 2 0  1 3 . 8 5 2 8  1 2 . 5 9 3 4  1 1 . 5 4 4 0
1 0 . 6 5 6 0
7 8 . 4 3 4 0  5 2 . 2 8 9 3  3 9 . 2 1 7 0  3 1 . 3 7 3 6  2 6 . 1 4 4 7  2 2 . 4 0 9 7  1 9 . 6 0 8 5  1 7 . 4 2 9 8  1 5 . 6 8 6 8  1 4 . 2 6 0 7  1 3 . 0 7 2 3
1 2 . 0 6 6 8
8 6 . 9 3 4 5  5 7 . 9 5 6 3  4 3 . 4 6 7 2  3 4 . 7 7 3 8  2 8 . 9 7 8 2  2 4 . 8 3 8 4  2 1 . 7 3 3 6  1 9 . 3 1 8 8  1 7 . 3 8 6 9  1 5 . 8 0 6 3  1 4 . 4 8 9 1
1 3 . 3 7 4 5
9 4 . 7 9 5 2  6 3 . 1 9 6 8  4 7 . 3 9 7 6  3 7 . 9 1 8 1  3 1 . 5 9 8 4  2 7 . 0 8 4 3  2 3 . 6 9 8 8  2 1 . 0 6 5 6  1 8 . 9 5 9 0  1 7 . 2 3 5 5  1 5 . 7 9 9 2
1 4 . 5 8 3 9
1 0 2 . 0 5 9 2  6 8 . 0 3 9 5  5 1 . 0 2 9 6  4 0 . 8 2 3 7  3 4 . 0 1 9 7  2 9 . 1 5 9 8  2 5 . 5 1 4 8  2 2 . 6 7 9 8  2 0 . 4 1 1 8  1 8 . 5 5 6 2  1 7 . 0 0 9 9
1 5 . 7 0 1 4
1 0 8 . 7 7 4 1  7 2 . 5 1 6 1  5 4 . 3 8 7 1  4 3 . 5 0 9 7  3 6 . 2 5 8 0  3 1 . 0 7 8 3  2 7 . 1 9 3 5  2 4 . 1 7 2 0  2 1 . 7 5 4 8  1 9 . 7 7 7 1  1 8 . 1 2 9 0
1 6 . 7 3 4 5
1 1 4 . 9 8 7 6  7 6 . 6 5 8 4  5 7 . 4 9 3 8  4 5 . 9 9 5 1  3 8 . 3 2 9 2  3 2 . 8 5 3 6  2 8 . 7 4 6 9  2 5 . 5 5 2 8  2 2 . 9 9 7 5  2 0 . 9 0 6 8  1 9 . 1 6 4 6
1 7 . 6 9 0 4
1 2 0 . 7 4 5 2  8 0 . 4 9 6 8  6 0 . 3 7 2 6  4 8 . 2 9 8 1  4 0 . 2 4 8 4  3 4 . 4 9 8 6  3 0 . 1 8 6 3  2 6 . 8 3 2 3  2 4 . 1 4 9 0  2 1 . 9 5 3 7  2 0 . 1 2 4 2
1 8 . 5 7 6 2
1 2 6 . 0 8 9 1  8 4 . 0 5 9 4  6 3 . 0 4 4 5  5 0 . 4 3 5 6  4 2 . 0 2 9 7  3 6 . 0 2 5 4  3 1 . 5 2 2 3  2 8 . 0 1 9 8  2 5 . 2 1 7 8  2 2 . 9 2 5 3  2 1 . 0 1 4 8
19 . 3 9 8 3
♦♦ R e f e r e n c e  c o n d i t i o n s
♦ p r s r  1 4 . 7  ♦ t e m r  60  ♦ p s u r f  1 4 . 7  ♦ t s u r f  60
♦♦ PRSR 6 0 0 . 0  ♦♦ r e f e r e n c e  p r e s s u r e .  c o r r e s p o n d i n g  t o  t h e  d e n s i t y
♦♦ TEMR 1 7 5 . 0  ♦♦ r e f e r e n c e  t e m p e r a t u r e ,  c o r r e s p o n d i n g  t o  t h e  d e n s i t y
♦♦ PSURF 1 4 . 7  ♦♦ p r e s s u r e  a t  s u r f a c e .  f o r  r e p o r t i n g  w e l l  r a t e s ,  e t c .
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♦♦ TSDRP 6 2 . 3  ♦♦ t e m p e r a t u r e  a t  s u r f a c e ,  f o r  r e p o r t i n g  w e l l  r a t e s ,  e t c .
♦♦ ============== ROCK-FLUID PROPERTIES
♦ r o c k f l u i d
* s w t  ♦♦ W a t e r - o i l  
♦♦ S i w  = S w i r  = 0 . 2 4  
♦♦ K r o i w = 0 . 4  
♦♦ Sw
r e l a t i v e  p e r m e a b i l i t i e s
So r w = 0 . 3  S o r g  = 0 . 1
Krwro = 0 . 1  K r g r o  = 0 . 2
Krw




0 . 2 4 0 0 . 4
0 . 2 8 1 8 1 8 0 . 0 0 0 2 4 9 0 . 3 3 0 5 7 9
0 . 3 2 3 6 3 6 0 . 0 0 1 4 1 0 . 2 6 7 7 6 9
0 . 3 6 5 4 5 5 0 . 0 0 3 8 8 4 0 . 2 1 1 5 7
0 . 4 0 7 2 7 3 0 . 0 0 7 9 7 4 0 . 1 6 1 9 8 3
0 . 4 4 9 0 9 1 0 . 0 1 3 9 3 0 . 1 1 9 0 0 8
0 . 4 9 0 9 0 9 0 . 0 2 1 9 7 3 0 . 0 8 2 6 4 5
0 . 5 3 2 7 2 7 0 . 0 3 2 3 0 5 0 . 0 5 2 8 9 3
0 . 5 7 4 5 4 5 0 . 0 4 5 1 0 7 0 . 0 2 9 7 5 2
0 . 6 1 6 3 6 4 0 . 0 6 0 5 5 1 0 . 0 1 3 2 2 3
0 . 6 5 8 1 8 2 0 . 0 7 8 7 9 9 0 . 0 0 3 3 0 6
0 . 7 0 . 1 0
♦♦ L i q u i d - g a s r e l a t i v e  p e r m e a b i l i t i e s
i Krg Krog
0 . 2 4 0 . 2 0
0 . 3 4 0 . 1 5 8 7 1 2 0
0 . 3 7 7 5 0 . 1 4 4 0 6 8 0 . 0 0 0 6 4 6
0 . 4 1 5 0 . 1 2 9 9 0 4 0 . 0 0 5 1 6 5
0 . 4 5 2 5 0 . 1 1 6 2 3 7 0 . 0 1 1 6 2 2
0 . 4 9 0 . 1 0 3 0 8 6 0 . 0 2 0 6 6 1
0 . 5 2 7 5 0 . 0 9 0 4 7 3 0 . 0 3 2 2 8 3
0 . 5 6 5 0 . 0 7 8 4 2 1 0 . 0 4 6 4 8 8
0 . 6 0 2 5 0 . 0 6 6 9 5 7 0 . 0 6 3 2 7 5
0 . 6 4 0 . 0 5 6 1 1 3 0 . 0 8 2 6 4 5
0 . 6 7 7 5 0 . 0 4 5 9 2 8 0 . 1 0 4 5 9 7
0 . 7 1 5 0 . 0 3 6 4 4 7 0 . 1 2 9 1 3 2
0 . 7 5 2 5 0 . 0 2 7 7 2 6 0 . 1 5 6 2 5
0 . 7 9 0 . 0 1 9 8 3 9 0 . 1 8 5 9 5
0 . 8 2 7 5 0 . 0 1 2 8 8 6 0 . 2 1 8 2 3 3
0 . 8 6 5 0 . 0 0 7 0 1 4 0 . 2 5 3 0 9 9
0 . 9 0 2 5 0 . 0 0 2 4 8 0 . 2 9 0 5 4 8
0 . 9 4 0 . 0 . 3 3 0 5 7 9
1 0 . 0 . 4
nnnIInIIIIiiIInniin INITIAL CONDITIONS = = = = = = = = = = = = = =
♦ i n i t i a l
♦♦ A u t o m a t i c  s t a t i c  v e r t i c a l  e q u i l i b r i u m -  v e r t i c a l - o n  - r e f p r e s = 7 5  p s i  r e f e r e n c e  p r e s s u r e  
♦♦ p s t e p = 3  v e r t i c a l  e q u i l i b r i u m  i s  d o n e  w i t h  3 t i m e s t e p s  w i t h  z e r o  s o u r c e s  a n d  s i n k s ,  
♦ v e r t i c a l  ♦on  ♦ p s t e p  75  ♦ r e f p r e s  6 0 0 0  ♦ r e f d e p t h  8 2 0 5  # r e f b l o c k  1 1 1
♦SW ♦ c o n  0 . 3 5  ♦♦ S o = 0 . 0 1  b y  d i f f e r e n c e ,  s i n c e  S g  = 0 . 6 4
♦SW ♦ i v a r
0 . 9 9 9  0 . 6 7 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  
0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  
♦♦ ^SG ♦ c o n  0 . 6 4  ♦♦ i n i t i a l  g a s  s a t u r a t i o n  i s  0 . 5 4
♦SG ♦ i v a r
0 . 0  0 . 0  0 . 0  0 . 0  0 . 2 7  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  
0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4  0 . 6 4
♦t emp ♦ c o n  2 8 0 .
♦♦ 1 2 3  4 5 6 7 8 9
♦♦ ' H 2 0 ' ' C21+'  ' C 1 0 - 2 0 '  ' C 6 - 9 '  ' C 2 - 5 '  ' CH4' ' C 0 2 '  ' N2 '  ' 0 2 '
♦♦ ♦ m o l e f r a c  #g a s  ♦ c o n  4 ^ 0 . 0  0 . 0 0 0 1  0 . 9 9 9 9  0 . 0  0 . 0  0 . 0
♦♦ I n i t i a l  p e t r o l e u m  p h a s e  f r a c t i o n  a r e : C 2 1 + = 0 . 3 5 8 7 5 5 4 8  C l l - 2 0 = 0 . 3 7 3 6 0 9 0 6
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♦ m o l e f r a c  * o i l  ♦ c o n
1 2  3
' H 2 0 ' ' C 2 1+ '  ' C 1 0 - 2 0 '  
0 . 0  0 . 1 3 9 9  0 . 1 6 0 5
4 5 6 7 8 9 10
’C 6 - 9 '  ' C 2 - 5 '  ' CH4' ' C 0 2 '  ' N2 '  ' 0 2 '  'CO'
0 . 0 6 0 4 7  0 . 2 3 9 1  0 . 2 2 9  0 . 0  0 . 0
♦♦ ============== NUMERICAL CONTROL =====
♦ n u m e r i c a l  ** A l l  t h e s e  c a n  b e  d e f a u l t e d .  
♦♦ h e r e  m a t c h  t h e  p r e v i o u s  d a t a .
The  d e f i n i t i o n s
♦DTMAX 0 . 2 5  
♦♦ ♦DTMAX . 0 1  
♦♦ ♦DTMAX 0 . 2 5  
♦♦ ♦DTMAX 1 . 5  
♦ m a x s t e p s  7 3 0 0 0  
♦ u n r e l a x  - 1  
♦norm p r e s s  2 8 0  s a t u r  0 . 3 9  
♦ c o n v e r g e
♦ p r e s s  4 . 3 5  
♦ s a t u r  0 . 0 4 9  
♦ t e mp  1 . 7 9  
0 . 0 9  
0 . 0 9  
0 . 0 9  
0 .  04 
0 . 0 4  
0 . 5
♦ n o r t h  10  ♦ n e w t o n c y c  29 ♦ i t e r m a x  1 20  
♦ p i v o t  ♦ on  ♦ p v t o s c m a x  15  




♦ z o  
♦ z n c g  
♦ z a q  
♦ w e l l r e s  1 
♦ m a t b a l t o l  1
♦r un
♦♦ ============== RECURRENT DATA =====
♦♦ P r o j e c t  s t a r t s  o n  z e r o  t i m e  a nd  d t w e l ,  
t i m e  0 d t w e l l  . 0 0 0 1
** 3
* *
t h e  s t a r t i n g  t i m e  s t e p  s i z e  i s  0 . 1  d a y s
WELL 1 'DOWNDIP INJECTOR'
★ ★
GEOMETRY ♦K 0 . 3 7 5
INJECTOR m o b w e i g h t  1 
OPERATE MAX g a s  6 5 0 0 0 0 0 0 .  
OPERATE MAX bhp  6 8 0 0 .
♦♦ OPERATE MAX bhp  6 9 0 0 .  
♦ ♦ 1 2  3 4
♦♦ ' H 2 0 ' ' C 2 1 + ' ' C 1 0 - 2 0 ' ' C6-
INCOMP GAS 6^ 0 .
TINJOV 25 0  
♦♦ g e o m e t r y  - 1 0  0 0 
PERF GEO 1 
♦♦ i  j  k f f
2 2 : 8  5 1
RAD
0 . 2 4 9
GEOFAC WFRAC SKIN
1 . 0 0. 0
♦♦ Maximum Gas  I n j e c t i o n  R a t e  1 5  - 4 . 5MMSCFD 
♦♦ Maximum I n j e c t i o n  B H P r e s s u r e  6 9 0 0  - 6 7 0 0  p s i  
♦♦ Maximum I n j e c t i o n  B H P r e s s u r e  6 9 0 0  - 6 7 0 0  p s i  
5 6 7 8 9 1 0
9 '  ' C 2 - 5 '  ' CH4' ' C 0 2 ' ' N2 '  ' 0 2 '  'CO' 'COKE'
1 . 0.0 0.0 0.0 
♦♦ Gas  C y c l i n g  w i t h  CH4 
♦♦ I n j e c t i o n  Gas T e m p e r a t u r e  3 0 0  oF  
♦♦ U s e  t u b e - e n d  o p t i o n




0 . 3 7 5GEOMETRY ♦K 
PRODUCER 2 
OPERATE MAX l i q u i d  2 3 0 0  
OPERATE MIN bhp  5 5 0 0  
♦♦ OPERATE MIN bhp  5 10 0  






♦♦ o  o  o  o  o
RAD GEOFAC WFRAC SKIN
0 . 2 4 9  1 . 0  0 . 0
♦♦ Maximum L i q u i d  R a t e  2 0 0 0  - 1 6 0 0  B/D  
♦♦ Minimum BHP 5 5 0 0  - 5 9 0 0  p s i  
♦♦ Minimum BHP 5 5 0 0  - 5 9 0 0  p s i  
♦♦ Maximum WOR=9:l  o r  w a t e r - c u t  90%
i r  j r  k r  w i  = 0 . 0 0 7 0 8 2 ^ k ^ h / l n ( 0 . 5 ^ r e / r w )
TIME 0 . 0 0 0 0 1
TIME 1 . 0
TIME 3 1 . 0
o u t s r f  g r i d  p r e s  sw s o  s g  t e m p  y  x  w s o l c o n c  o b h l o s s
11 
' COKE'
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masde nw m a s d e n o  m a s d e n g  p co w p c o g  v i s w  v i s o  v i s g  
krw k r o  k r g  k v a l y w  k v a l y x  cmpdenw c mpde no  c m p v i s w  
c m p v i s o  c m p v i s g  c c h l o s s
9 0 . 0
1 1 5 . 0
1 8 2 . 6 2 5
o u t s r f  g r i d  p r e s  sw s o  s g  t e mp  y  x  w s o l c o n c  o b h l o s s
masde nw m a s d e n o  m a s d e n g  p co w p c o g  v i s w  v i s o  v i s g  
krw k r o  k r g  k v a l y w  k v a l y x  cmpdenw c mpde no  c m p v i s w  
c m p v i s o  c m p v i s g  c c h l o s s
3 6 5 . 2 5
o u t s r f  g r i d  p r e s  sw s o  s g  t e mp  y  x  w s o l c o n c  o b h l o s s
ma sde nw m a s d e n o  m a s d e n g  p co w p c o g  v i s w  v i s o  v i s g  
krw k r o  k r g  k v a l y w  k v a l y x  cmpdenw c mpde no  c m p v i s w  
c m p v i s o  c m p v i s g  c c h l o s s
5 4 7 . 8 7 5
7 3 0 . 5 0
o u t s r f  g r i d  p r e s  sw s o  s g  t e mp  y  x  w s o l c o n c  o b h l o s s
ma sde nw m a s d e n o  m a s d e n g  p co w p c o g  v i s w  v i s o  v i s g  
krw k r o  k r g  k v a l y w  k v a l y x  cmpdenw c mpde no  c m p v i s w  
c m p v i s o  c m p v i s g  c c h l o s s
9 1 3 . 1 2 5
1 0 9 5 . 7 5
1 4 6 1 .
o u t s r f  g r i d  p r e s  sw s o  s g  t e mp  y  x  w s o l c o n c  o b h l o s s
masde nw m as d e n o  m a s d e n g  p c ow  p c o g  v i s w  v i s o  v i s g  
krw k r o  k r g  k v a l y w  k v a l y x  cmpdenw c mpde no  c m p v i s w  
c m p v i s o  c m p v i s g  c c h l o s s
1 8 2 6 . 2 5
2 1 9 1 . 5
2 5 5 6 . 7 5
2 9 2 2 .
o u t s r f  g r i d  p r e s  sw s o  s g  t emp  y  x  w s o l c o n c  o b h l o s s
masde nw m a s d e n o  m a s d e n g  p co w p c o g  v i s w  v i s o  v i s g  
krw k r o  k r g  k v a l y w  k v a l y x  cmpdenw c mpde no  c m p v i s w  
c m p v i s o  c m p v i s g  c c h l o s s
3 2 8 7 . 2 5
o u t s r f  g r i d  p r e s  sw s o  s g  t e mp  y  x  w s o l c o n c  o b h l o s s
masdenw m as d e n o  m a s d e n g  p co w p c o g  v i s w  v i s o  v i s g  
krw k r o  k r g  k v a l y w  k v a l y x  cmpdenw c mpde no  c m p v i s w  
c m p v i s o  c m p v i s g  c c h l o s s
3 6 5 0
o u t s r f  g r i d  p r e s  sw s o  s g  t emp  y  x  w s o l c o n c  o b h l o s s
masdenw m as d e n o  m a s d e n g  p c o w  p c o g  v i s w  v i s o  v i s g  
krw k r o  k r g  k v a l y w  k v a l y x  cmpdenw c mpde no  c m p v i s w  
c m p v i s o  c m p v i s g  c c h l o s s
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APPENDIX-VII. SIMULATION DATA FILES OF H2S SOUR OIL FIELD SCALE 
STUDIES.
** LIGHT SOUR OIL I N - S I TU  COMBUSTION -  MISCIBLE DISPLACEMENT - DOWNDIP VP-  UPDIP V I .
    _____ ______ _________
** T h i s  i s  STARS d a t a  s e t  f o r  H2S S o u r  F i e l d  S c a l e  I n - S i t u  C o m b u s t i o n  
** DOWDIP VERTICAL PRODUCER - UPDIP VERICAL INJECTOR PREDICTION CASE.
★ ★ BASED ON CLAIR/AUSTRALIAN CRUDE TYPE CHEMICAL REACTION KINETICS .
■k * LIGHT NORTH SEA OIL RESERVOIR PVT COMPOSITION
★ * F e a t u r e s :
** i ) N i n e - p o i n t  d i s c r e t i z a t i o n  i n  t h e  a r e a l  p l a n e .
* * 2) D i s t i n c t  p e r m e a b i l i t y  l a y e r i n g .
** 3 ) F i v e  h y d r o c a r b o n  c o m p o n e n t s ,  1 1  p s e u d o - c o m p o n e n t s  i n  t o t a l
* * 4 ) A u t o m a t i c  i n i t i a l  v e r t i c a l  e q u i l i b r i u m  c a l c u l a t i o n .
* ★ 5) M u l t i - l a y e r  w e l l  w i t h  a d d i t i o n a l  i n j e c t i o n  a n d  p r o d u c t i o n
** o p e r a t i n g  c o n s t r a i n t s .
★ ★ 6) F ou r  c h e m i c a l  r e a c t i o n s :
** ( a )  c r a c k i n g  o f  l i g h t  o i l  t o  c o k e .
** ( b)  g a s  b u r n i n g .
** ( c )  l i g h t  a nd  h e a v y  o i l  b u r n i n g .
** (d)  c o k e  b u r n i n g .
** B u r n i n g  p r o d u c e s  w a t e r  a nd  CO+C02 m i x t u r e .
** 7) C h e m i c a l  R e a c t i o n  U p s c a l i n g  b a s e d  o n :  MR = 1 . 2 7 3 5  ME
** 8) H i g h  i n i t i a l  p r e s s u r e  6 0 0 0  p s i a .
*★
* * -
9) S i m u l a t i o n  s t o p s  when p r o d u c i n g  e n d  r e a c h e s  6 00  F.
** ============== INPUT/OUTPUT CONTROL =======================
f i l e n a m e  o u t p u t  i n d e x - o u t  m a i n - r e s u l t s - o u t  ** U s e  d e f a u l t  f i l e  name s
* t i t l e l  'LIGHT SOUR OIL I N- S I TU  COMBUSTION.1 
* T i t l e 2  'DOWNDIP VERTICAL PRODUCER - '
* t i t l e 3  'UPDIP VERTICAL INJECTOR- PREDICTION CASE. '
* i n u n i t  * f i e l d  **  o u t p u t  sa me  a s  i n p u t
* o u t p r n  * g r i d  * p r e s  * sw * s o  * s g  * t e mp  *y  * x  *w * s o l c o n c  
♦ o b h l o s s  * v i s o  
* o u t p r n  * w e l l  * a l l
* w r s t  3 0 0  *wprn * g r i d  3 00  *wprn * i t e r  3 00  
o u t s r f  g r i d  p r e s  s o  s g  t e mp
o u t s r f  s p e c i a l  m a t b a l  w e l l  2 ** C u m u l a t i v e  l i t e  o i l  p r o d u c e d
m a t b a l  w e l l  3 ** C u m u l a t i v e  medm o i l  p r o d u c e d
m a t b a l  w e l l  4 ** C u m u l a t i v e  h e v y  o i l  p r o d u c e d
o b h l o s s  **  C u m u l a t i v e  h e a t  l o s s
b l k v a r  s g  0 1 ** T e m p e r a t u r e  i n  b l o c k  ( 1 , 1 , 1 )
b l k v a r  s o  0 23  ** O i l  s a t u r a t i o n
b l k v a r  p r e s  0 23  ** P r e s s u r e
♦PARTCLMLWT 1 4 . 6  **  COKE ( C H I . 6 )  MOLECULAR WEIGHT I S  1 4 . 6
** ============== GRID AND RESERVOIR DEFINITION =================
♦ g r i d  * c a r t  22  4 4
* d i  * i v a r  3 8 4 . 8  3 * 1 9 2 . 4 1  1 7 * 9 6 . 2 1  1 4 4 . 3 2
* dj  * c o n  9 6 . 2 1
*dk * k v a r  3 5 . 7  3 5 . 2  3 4 . 8  3 4 . 5
** *dk * i v a r  3 5 . 7  3 5 . 2  3 4 . 8  3 4 . 5  3 4 . 6  3 4 . 2  3 3 . 7  3 2 . 9  3 2 . 2  3 1 . 3  
** 3 0 . 7  7 * 3 0 . 1  2 9 . 8  2 9 . 1  2 8 . 6  28
* d t o p  * i v a r
8 3 9 0  8 3 8 0  8 3 7 0  8 3 6 0  8 3 5 0  8 3 4 0  8 3 3 0  8 3 2 0  8 3 1 0  8 3 0 0  8 2 9 0  8 2 8 0  
8 2 7 0  8 2 6 5  8 2 6 0  8 2 5 5  8 2 5 0  8 2 4 0  8 2 3 0  8 2 2 0  8 2 1 0  8 2 0 0  
** H o r i z o n t a l  p r o d u c e r  ( w e l l  # 1 )  t r e a t e d  i n  a  d i s c r e t i z e d  f a s h i o n  -  w e l l  i s  d r i l l e d  f r om  a  s u r f a c e  
** w e l l b o r e  0 . 1 5
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** r a n g e  1 6 : 2 0  1 1
** r e f i n e  1 6 : 2 0  1 2 i n t o  4 4 2
** h y b r i d  i d i r
** DEOTERON ORIZONTION FREAR
** w e l l b o r e  0 . 1 5
** c i r c w e l l  0 . 4  20  1 2 0
** r a n g e  1 6 : 2 0  1 2
* p o r  * c o n  0 . 1 9 2 6 4
* p e r m i  * k v a r  2 * 8 7 2  2 * 6 9 7 . 6  * p er m j  * e q u a l s i  *permk * e q u a l s i  /  10
* c p o r  6 . 1 2 3 e - 5  * p r p o r  1 0 0 0  * r o c k c p  3 5 . 6  
* t h c o n r  36  * t h c o n w  36 * t h c o n o  36 * t h c o n g  36  
* h l o s s p r o p  o v e r b u r  3 5 . 6  36 u n d e r b u r  3 5 . 6  36
** ============== FLUID d e f i n i t i o n s  =— ======— ===========
* m o d e l  13  1 2  10  **  Number o f  n o n c o n d e n s i b l e  g a s e s  i s  numy-numx = 2
** Number o f  s o l i d  c o m p o n e n t s  i s  ncomp-numy = 1 
** N2 & C02 s o l u b l e  i n  t h e  l i q u i d  p e t r o l e u m  p h a s e  
** 0 2  & CO o n l y  i n  t h e  g a s  p h a s e  i n s o l u b l e  i n  t h e  l i q u i d  p e t r o l e u m  p h a s e  
*compname ' H 2 0 '  ' C 2 1+ '  ' 0 1 1 - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4' ' C 0 2 '  ' N2 '  ' H 2 S ' ' S 0 3 '  ' 0 2 '  'CO' 'COKE'
■k it
*cmm 18  3 0 0 . 1  1 6 0 . 3 4  1 0 6 . 8 1  4 3 . 2 7  1 6 . 0 4  4 4 . 0 1  2 8 . 0 1  3 4 . 0 8  8 0 . 0 6  3 2 .  2 8 . 0 1
* p c r i t  3 1 5 5  1 6 9 . 3 9  3 2 6 . 2 3  3 8 0 . 4 4  6 3 0 . 5  6 6 5 . 4  1 0 7 1 .  4 9 3 . 1  1 3 0 0 .  1 2 1 5 . 4  7 3 0 .  5 0 7 . 5
* t c r i t  7 0 5 . 7  9 7 4 . 2  6 9 3 . 5 4  5 4 1 . 0 2  1 8 8 . 1 6  - 1 1 6 . 9 2  8 7 . 5 6  - 2 3 2 . 8 4  2 1 1 . 8  4 2 4 . 9  - 1 8 1 . 7  - 2 2 0 . 8
* a v g  0 3 . 9 2 6 e - 6  3 . 8 7 6 e - 6  3 . 1 5 6 e - 6  2 . 1 6 6 e - 6  2 . 1 2 7 e - 4  2 . 1 9 6 e - 4  2 . 1 9 6 e - 4  2 . 1 9 6 e - 4  2 . 1 e - 4  2 . 0 2 e - 4  2 . 0 e -  
4
* b v g  0 1 . 1 0 2  
* a v i s c  0
* b v i s c  0
* m o l d e n  0
* c p  0
* c t l
*  *  ______________________
** CHEMICAL REACTION 1 - C r a c k i n g :  C21+ - >  CH4 + Coke
*compname ' H 2 0 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4' ' C 0 2 '  ' N2 '  ' H 2S ' ' S 0 3 '  ' 0 2 '
**                     _
♦ s t o r e a c  0 1 0  0 0 0 0 0 0 0 0
* s t o p r o d  0 0 0 0 0 4 . 1 2 9 8 2  0 0 0 0 0
* f r e q f a c  2 . 1 e 5  * e a c t  2 5 0 0 0  * r e n t h  0 
*  + -----------------------------------------------------------------------------------------------------------------------------------------
** CHEMICAL REACTION 2 - C r a c k i n g :  C21+ - >  C2-C5 + Coke
*compname ' H2 0 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4' ' C 0 2 '  ' N2 '  ' H 2S ' ' S 0 3 ' ' 0 2 '
★ ★
* s t o r e a c  0 1  0 0 0 0 0 0 0 0 0
* s t o p r o d  0 0 0 0 4 . 9 7 5 3 7  0 0 0 0 0 0
* f r e q f a c  2 . 1 e 5  * e a c t  2 5 0 0 0  * r e n t h  0
it k
** CHEMICAL REACTION 3 - C r a c k i n g :  C 1 0 - C 2 0  - >  CH4 + Coke
♦compnarne ' H 2 0 '  ' C 2 1+ '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4' ' C 0 2 '  ' N2 '  ' H 2S ' ' S 0 3 ' ' 0 2 '
*  *
* s t o r e a c  0 0  1 0 0 0 0 0 0 0 0
★ s t o p r o d  0 0 0 0 0 3 . 1 6 2 4  0 0 0 0 0
* f r e q f a c  2 . 0 e 5  * e a c t  2 7 0 0 0  * r e n t h  0
hit -----------------------------------------------------------------------------------------------
** CHEMICAL REACTION 4 -  Hea vy  O i l  B u r n i n g :  C21+ + 0 2  - >  H20 + CO + e n e r g y
* compnarne ' H 2 0 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4' ' C 0 2 '  ' N2 '  ' H 2S ' ' S 0 3 '  ' 0 2 '
**                     __
* s t o r e a c  0 1 0  0 0 0 0 0 0 0  2 1 . 6 8 1 5  0 0
* s t o p r o d  2 2 . 0 2 5 7  0 0  0 0 0 0 0 0 0 0  2 1 . 3 3 7 4  0
* f r e q f a c  3 . 0 2 0 e l 0  * e a c t  1 3 5 0 0  * r e n t h  1 0 2 9 3 . 9  
*RTEMLOWR 7 9 0 . 0  
*RTEMUPR 7 9 0 . 1
'CO' 'COKE'
0 0 
0 1 7 . 2 0 7 6
'CO' 'COKE'
0 0 
0 1 7 . 0 3 0 7
'CO' 'COKE'
0 0 
0 1 0 . 8 1 8 7
'CO' 'COKE'
1 . 0 5 6  1 . 0 0 5  0 . 9 4 3  0 . 7 2 1  0 . 7 2 1  0 . 7 2 1  0 . 7 0 2  0 . 7 0  0 . 6 9 6  0 . 6 9 6
4 . 0 2 e - 4  4 . 0 2 e - 4  4 . 0 2 e - 4  4 . 0 2 e - 4  0 . 1 3 7 8 5  4 . 4 1 3 e - 2  0 . 1 4 1 1 3  0 . 1 2 6 0 9  0 . 1 2 6 0 9
6 1 2 1 . 6  6 1 2 1 . 6  6 1 2 1 . 6  6 1 2 1 . 6  2 0 5 . 4 5  1 0 4 0 . 5 4  1 6 2 . 5 4  6 1 7 . 0 2  6 1 7 . 0 2
0 . 0 4 8 1  0 . 1 3 0 9  0 . 2 0 0 0  0 . 2 0 2 4  0 . 4 0 2 4  0 . 4 0 2 4  0 . 6 6 2 3  0 . 6 9 4 4  0 . 6 9 4 4  ** LBMOLE/FT3
3 . 9 e - 6  4 e - 6  4 . 5 e - 6  5 e - 6  6 . 5 e - 6  6 . 5 e - 6  7 e - 6  7 . 5 e - 6  7 . 1 e - 6
0 1 . 4 e - 4  1 . 4 9 6 e - 4  1 . 9 5 8 e - 4  2 . 5 2 7 e - 4  2 . 6 4 9 e - 4  2 . 6 4 9 e - 4  2 . 8 3 9 e - 4  2 . 8 e - 4  2 . 7 e - 4
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♦♦ CHEMICAL REACTION 5 -  Medium O i l  B u r n i n g :  C 1 1 -C2 0  + 0 2  - >  H20 + CO +
♦compnarne  
*  ★
' H20 ‘ ’C 2 1 + ' ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4' 'C02 ' ' N 2 ' 'H2S'
e n e r g y  
S 0 3 ' ' 0 2 ' 'CO' 'COKE'
♦ e a c t  1 5 5 0 0
0 0
0 0
♦ r e n t h  4 9 2 0 . 3
♦ s t o r e a c  0 0
♦ s t o p r o d  1 2 . 1 4 6 9  0 
♦ f r e q f a c  3 . 0 2 0 e l 0  
♦RTEMLOWR 7 9 0 . 0  
♦RTEMUPR 7 9 0 . 1  
*  *  ----------------------------------------------------------------------------------------------------------------------------------------------
♦♦ CHEMICAL REACTION 6 -  L i g h t  O i l  B u r n i n g :
1 1 . 7 4 2
0
0 0 
1 1 . 3 3 7 1  0
C6-C9 + 0 2  - >  H20 + CO + e n e r g y
’ H 2 0 '♦compnarne
**   _
♦ s t o r e a c  0 0
♦ s t o p r o d  8 . 4 9 3 3 1  0 
♦ f r e q f a c  3 . 0 2 0 e l 0  
♦RTEMLOWR 7 9 0 . 0  
♦RTEMUPR 7 9 0 . 1  
*  *  --------------------------------------------------------------------
♦♦ CHEMICAL REACTION 7 
♦compnarne ' H 20 '  ' C 2 1 + '
★ *   ____
♦ s t o r e a c  0 0
♦ s t o p r o d  3 . 9 3 5 1 3  0 
♦ f r e q f a c  3 . 0 2 0 e l 0  
♦RTEMLOWR 7 9 0 . 0  
♦RTEMUPR 7 9 0 . 1  
* ★        -----------
♦♦ CHEMICAL REACTION 8 
♦compnarne ' H2 0 '  ' C 2 1 + '
' C 2 1 + ' ' C l l - 2 0 '  ' C 6 - 1 0 ' ' C 2 - 5 ' ' CH4' ’ C 0 2 ' ' N 2 ' ’ H 2S ' ’ S 0 3 ' ’ 0 2 ' 'CO' 'COKE'
0
0
♦ e a c t  1 5 5 0 0
1
0
♦ r e n t h
0
0
2 4 2 0 .
7 . 9 8 9 2 5
7 . 4 8 5 2
H y d r o c a r b o n  Gas  B u r n i n g :  C2-C5 + 0 2  - >  H20 +
' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 ' ' CH4' ' C 0 2 '  ' N2 '  ' H 2S '
CO + e n e r g y  
' S 0 3 ' ' 0 2 ' 'CO' 'COKE'
0
0
♦ e a c t  1 5 0 0 0
0
0
♦ r e n t h
1
0
1 4 6 3 . 4
3 . 4 4 2 3 8 0
9 4 9 6 2
Coke  B u r n i n g :  C o ke  + 0 2  - >  H20 + C02 + e n e r g y
' C l l - 2 0 '  ' C 6 - 1 0 ' ' C 2 - 5 '  ' CH4' ' C 0 2 '  ' N2'  ' H2S' ' S 0 3 ' ' 0 2 ' 'CO' 'COKE'
♦ s t o r e a c  0 0 0
♦ s t o p r o d  0 . 8  0 0
♦ f r e q f a c  3 . 0 e 5  ♦ e a c t  5 5 0 0  
♦RTEMLOWR 7 9 0 . 0  
♦RTEMUPR 7 9 0 . 1
o •
0
♦ r e n t h  4 6 1 . 3
1 . 4
0
♦♦ CHEMICAL REACTION 9 
♦compnarne ' H2 0 '  ' C 2 1 + '
**   ____
♦ s t o r e a c  0 0
♦ s t o p r o d  2 0
♦ f r e q f a c  
♦RTEMLOWR
- Gas b u r n i n g :  CH4 + 20 2  - >  2H20 + CO + e n e r g y
' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4' ' C 0 2 '  ' N2 '  ' H 2S ' ' S 0 3 ' ' 0 2 ' 'CO' 'COKE'
3 . 0 2 0 e l 0  
7 9 0 . 0  
♦RTEMUPR 7 9 0 . 1
0
0
♦ e a c t 5 9 4 5 0
0 1
0 0
♦ r e n t h  5 0 2 . 5 3 3
1 . 5
0
♦♦ R e a c t i o n  E n t h a l p y  B T U / l b m o l e
-> C02 + e n e r g y  
’H2S'  ' S 0 3 ' ' 0 2 '
♦♦ CHEMICAL REACTION 10  - Ca r b on  M o n o x i d e  b u r n i n g :  CO + 0 . 5  02
♦compnarne ' H20 '  ' C 2 1 + '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4' ' C 0 2 '  'N2'  
*  *
♦ s t o r e a c  0 0
♦ s t o p r o d  0 0
♦ f r e q f a c  1 . 5 e 5  ♦ e a c t  
♦RTEMLOWR 7 9 0 . 0  
♦RTEMUPR 7 9 0 . 1
'CO' 'COKE'
3 2 5 0
0
0
♦ r e n t h
0 0
0 0
2 . 8 3 8 E 5
0 . 5
0
♦ s o l d e n  4 . 4  
♦ g a s l i q k v
♦♦ P s e u d o c o m p o n e n t  K v a l u e  t a b l e s  f o r  p r e s s u r e s  5 0 0  p s i  & 6 5 0 0  p s i  1 0 0  F t o  1 3 0 0  F b e  1 0 0  d e g  
i n t e r v a l s
♦ k v t a b l i m  50 0  6 5 0 0  1 0 0  1 3 0 0
♦ k v t a b l e  2 ♦♦ K v a l u e  t a b l e  f o r  C21+ (AUS_5PVT.XLS)
1 . 0 3 4 E - 1 4  5 . 1 6 9 E - 1 5  3 . 4 4 6 E - 1 5  2 . 5 8 5 E - 1 5  2 . 0 6 8 E - 1 5  1 . 7 2 3 E - 1 5  1 . 4 7 7 E - 1 5  1 . 2 9 2 E - 1 5
1 . 1 4 9 E - 1 5  1 . 0 3 4 E - 1 5  9 . 3 9 9 E - 1 6  8 . 6 1 5 E - 1 6  7 . 9 5 3 E - 1 6
2 . 3 6 6 E - 1 1  1 . 1 8 3 E - 1 1  7 . 8 8 7 E - 1 2  5 . 9 1 5 E - 1 2  4 . 7 3 2 E - 1 2  3 . 9 4 4 E - 1 2  3 . 3 8 0 E - 1 2  2 . 9 5 8 E - 1 2
2 . 6 2 9 E - 1 2  2 . 3 6 6 E - 1 2  2 . 1 5 1 E - 1 2  1 . 9 7 2 E - 1 2  1 . 8 2 0 E - 1 2
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7 . 0 7 2 E - 0 9  3 . 5 3 6 E - 0 9  2 . 3 5 7 E - 0 9  1 . 7 6 8 E - 0 9  1 . 4 1 4 E - 0 9  1 . 1 7 9 E - 0 9
7 . 8 5 7 E - 1 0  7 . 0 7 2 E - 1 0  6 . 4 2 9 E - 1 0  5 . 8 9 3 E - 1 0  5 . 4 4 0 E - 1 0
5 . 6 1 5 E - 0 7  2 . 8 0 7 E - 0 7  1 . 8 7 2 E - 0 7  1 . 4 0 4 E - 0 7  1 . 1 2 3 E - 0 7  9 . 3 5 8 E - 0 8
6 . 2 3 8 E - 0 8  5 . 6 1 5 E - 0 8  5 . 1 0 4 E - 0 8  4 . 6 7 9 E - 0 8  4 . 3 1 9 E - 0 8
1 . 7 9 2 E - 0 5  8 . 9 6 0 E - 0 6  5 . 9 7 3 E - 0 6  4 . 4 8 0 E - 0 6  3 . 5 8 4 E - 0 6  2 . 9 8 7 E - 0 6
1 . 9 9 1 E - 0 6  1 . 7 9 2 E - 0 6  1 . 6 2 9 E - 0 6  1 . 4 9 3 E - 0 6  1 . 3 7 8 E - 0 6
2 . 9 7 5 E - 0 4  1 . 4 8 8 E - 0 4  9 . 9 1 8 E - 0 5  7 . 4 3 8 E - 0 5  5 . 9 5 1 E - 0 5  4 . 9 5 9 E - 0 5
3 . 3 0 6 E - 0 5  2 . 9 7 5 E - 0 5  2 . 7 0 5 E - 0 5  2 . 4 7 9 E - 0 5  2 . 2 8 9 E - 0 5
3 . 0 4 4 E - 0 3  1 . 5 2 2 E - 0 3  1 . 0 1 5 E - 0 3  7 . 6 0 9 E - 0 4  6 . 0 8 7 E - 0 4  5 . 0 7 3 E - 0 4
3 . 3 8 2 E - 0 4  3 . 0 4 4 E - 0 4  2 . 7 6 7 E - 0 4  2 . 5 3 6 E - 0 4  2 . 3 4 1 E - 0 4
2 . 1 5 2 E - 0 2  1 . 0 7 6 E - 0 2  7 . 1 7 5 E - 0 3  5 . 3 8 1 E - 0 3  4 . 3 0 5 E - 0 3  3 . 5 8 7 E - 0 3
2 . 3 9 2 E - 0 3  2 . 1 5 2 E - 0 3  1 . 9 5 7 E - 0 3  1 . 7 9 4 E - 0 3  1 . 6 5 6 E - 0 3
1 . 1 4 2 E - 0 1  5 . 7 0 8 E - 0 2  3 . 8 0 6 E - 0 2  2 . 8 5 4 E - 0 2  2 . 2 8 3 E - 0 2  1 . 9 0 3 E - 0 2
1 . 2 6 9 E - 0 2  1 . 1 4 2 E - 0 2  1 . 0 3 8 E - 0 2  9 . 5 1 4 E - 0 3  8 . 7 8 2 E - 0 3
4 . 8 1 8 E - 0 1  2 . 4 0 9 E - 0 1  1 . 6 0 6 E - 0 1  1 . 2 0 5 E - 0 1  9 . 6 3 7 E - 0 2  8 . 0 3 1 E - 0 2
5 . 3 5 4 E - 0 2  4 . 8 1 8 E - 0 2  4 . 3 8 0 E - 0 2  4 . 0 1 5 E - 0 2  3 . 7 0 6 E - 0 2
1 . 6 91 E+ 00  8 . 4 5 4 E - 0 1  5 . 6 3 6 E - 0 1  4 . 2 2 7 E - 0 1  3 . 3 8 2 E - 0 1  2 . 8 1 8 E - 0 1
1 . 8 7 9 E - 0 1  1 . 6 9 1 E - 0 1  1 . 5 3 7 E - 0 1  1 . 4 0 9 E - 0 1  1 . 3 0 1 E - 0 1
5 . 1 0 0 0 8  2 . 5 5 0 0 4  1 . 7 0 0 E + 0 0  1 . 2 7 5 E + 0 0  1 . 0 2 0 E + 0 0  8 . 5 0 0 E - 0 1
5 . 6 6 7 E - 0 1  5 . 1 0 0 E - 0 1  4 . 6 3 6 E - 0 1  4 . 2 5 0 E - 0 1  3 . 9 2 3 E - 0 1
1 3 . 5 7 0 1 5  6 . 7 8 5 0 7  4 . 5 2 3 3 8  3 . 3 9 3 E + 0 0  2 . 7 1 4 E + 0 0  2 . 2 6 2 E + 0 0
1 . 5 08E+00  1 . 3 5 7 E+ 0 0  1 . 2 3 4 E + 0 0  1 . 1 3 1 E + 0 0  1 . 0 4 4 E + 0 0
* k v t a b l e  3 ** K v a l u e  t a b l e  f o r  C 1 0 -C 2 0
1 . 7 3 3 E - 0 3  8 . 6 6 5 E - 0 4  5 . 7 7 7 E - 0 4  4 . 3 3 3 E - 0 4  3 . 4 6 6 E - 0 4  2 . 8 8 8 E - 0 4
1 . 9 2 6 E - 0 4  1 . 7 3 3 E - 0 4  1 . 5 7 5 E - 0 4  1 . 4 4 4 E - 0 4  1 . 3 3 3 E - 0 4
9 . 9 3 8 E - 0 3  4 . 9 6 9 E - 0 3  3 . 3 1 3 E - 0 3  2 . 4 8 4 E - 0 3  1 . 9 8 8 E - 0 3  1 . 6 5 6 E - 0 3
1 . 1 0 4 E - 0 3  9 . 9 3 8 E - 0 4  9 . 0 3 4 E - 0 4  8 . 2 8 1 E - 0 4  7 . 6 4 4 E - 0 4
3 . 5 9 9 E - 0 2  1 . 7 9 9 E - 02  1 . 2 0 0 E - 0 2  8 . 9 9 7 E - 0 3  7 . 1 9 8 E - 0 3  5 . 9 9 8 E - 0 3
3 . 9 9 9 E - 0 3  3 . 5 9 9 E - 0 3  3 . 2 7 2 E - 0 3  2 . 9 9 9 E - 0 3  2 . 7 6 8 E - 0 3
9 . 6 6 2 E - 0 2  4 . 8 3 1 E - 0 2  3 . 2 2 1 E - 0 2  2 . 4 1 6 E - 0 2  1 . 9 3 2 E - 0 2  1 . 6 1 0 E - 0 2
1 . 0 7 4 E - 0 2  9 . 6 6 2 E - 0 3  8 . 7 8 4 E - 0 3  8 . 0 5 2 E - 0 3  7 . 4 3 2 E - 0 3
2 . 1 1 2 E - 0 1  1 . 0 5 6 E - 0 1  7 . 0 3 9 E - 0 2  5 . 2 7 9 E - 0 2  4 . 2 2 3 E - 0 2  3 . 5 1 9 E - 0 2
2 . 3 4 6 E - 0 2  2 . 1 1 2 E - 0 2  1 . 9 2 0 E - 0 2  1 . 7 6 0 E - 0 2  1 . 6 2 4 E - 0 2
3 . 9 8 2 E - 0 1  1 . 9 9 1 E - 0 1  1 . 3 2 7 E - 0 1  9 . 9 5 5 E - 0 2  7 . 9 6 4 E - 0 2  6 . 6 3 7 E - 0 2
4 . 4 2 5 E - 0 2  3 . 9 8 2 E - 0 2  3 . 6 2 0 E - 0 2  3 . 3 1 8 E - 0 2  3 . 0 6 3 E - 0 2
6 . 7 3 1 E - 0 1  3 . 3 6 6 E - 0 1  2 . 2 4 4 E - 0 1  1 . 6 8 3 E - 0 1  1 . 3 4 6 E - 0 1  1 . 1 2 2 E - 0 1
7 . 4 7 9 E - 0 2  6 . 7 3 1 E - 0 2  6 . 1 1 9 E - 0 2  5 . 6 0 9 E - 0 2  5 . 1 7 8 E - 0 2
1 . 0 47E+00  5 . 2 3 4 E - 0 1  3 . 4 9 0 E - 0 1  2 . 6 1 7 E - 0 1  2 . 0 9 4 E - 0 1  1 . 7 4 5 E - 0 1
1 . 1 6 3 E - 0 1  1 . 0 4 7 E - 0 1  9 . 5 1 7 E - 0 2  8 . 7 2 4 E - 0 2  8 . 0 5 3 E - 0 2
1 . 5 2 5 7 7
1 .
2 . 1 1 1 9 0
2 .
2 .  8 0 3 86  
0 .
7 . 6 2 9 E - 0 1  5 . 0 8 6 E - 01  3 . 8 1 4 E - 0 1  3 . 0 5 2 E - 0 1  2 . 5 4 3 E - 0 1
, 5 2 6 E - 0 1  1 . 3 8 7 E - 0 1  1
0 . 7 0 3 9 7  0 . 5 2 7 9 7
. 1 1 2 E - 0 1  1 . 9 2 0 E - 0 1  1
0 . 9 3 4 6 2  0 . 7 0 0 9 6
, 2 8 0 3 9  0 . 2 5 4 9 0  2
1 . 1 9 9 1 9  0 . 8 9 9 3 9
3 5 9 7 6  0 . 3 2 7 0 5  0
1 2 1 77  
0
2 7 1 E - 0 1  1 . 1 7 4 E - 0 1
4 . 2 2 4 E - 0 1  3 . 5 2 0 E - 0 1
7 6 0 E - 0 1  1 . 6 2 5 E - 0 1
0 . 4 6 7 3 1  
1 5 7 E - 0 1
0 . 5 9 9 6 0  
2 7 6 7 4
0 . 7 4 7 8 4  
3 4 5 1 6
0 . 5 6 0 7 7  
3 3 7 E - 0 1  2 .
0 . 7 1 9 5 2  
2 9 9 8 0  0 .
0 . 8 9 7 4 1  
3 7 3 9 2  0 .
6 9 5 E - 0 1  1
1 . 0 5 5 9 5  
3 4 7 E - 0 1  2
1 . 4 0 1 9 3  
3 1 1 54  0
3 . 5 98E+00  1 . 7 9 8 7 9
0 . 3 9 9 7 3  0
4 . 487 E+0 0  2 . 2 44 E + 0 0  1 . 4 9 6 E + 0 0  1
0 . 4 9 8 5 6  0 . 4 4 8 7 1  0 . 4 0 7 9 1
* k v t a b l e  4 ** K v a l u e  t a b l e  f o r  C 6 - 9
7 . 7 2 3 E - 0 3  3 . 8 6 1 5 E - 0 3  2 . 5 7 4 E - 0 3  1 . 9 3 1 E - 0 3  1 . 5 4 4 6 E - 0 3  1 . 2 8 7 E - 0 3  1 . 1 0 3 E -  
04 7 . 0 2 1 E - 0 4  6 . 4 3 6 E - 0 4  5 . 9 4 1 E - 0 4
0 . 0 3 7 4 4 3  0 . 0 1 8 7 2 2  0 . 0 1 2 4 8 1  0 . 0 0 9 3 6 1  0 . 0 0 7 4 8 9  0 . 0 0 6 2 4 1
0 . 0 0 4 1 6 0  0 . 0 0 3 7 4 4  0 . 0 0 3 4 0 4  0 . 0 0 3 1 2 0  0 . 0 0 2 8 8 0
0 . 1 1 9 8 2 5  0 . 0 5 9 9 1 2  0 . 0 3 9 9 4 2  0 . 0 2 9 9 5 6  0 . 0 2 3 9 6 5  0 . 0 1 9 9 7 1
0 . 0 1 3 3 1 4  0 . 0 1 1 9 8 2  0 . 0 1 0 8 9 3  0 . 0 0 9 9 8 5  0 . 0 0 9 2 1 7
0 . 2 9 2 5 7 4  0 . 1 4 6 2 8 7  0 . 0 9 7 5 2 5  0 . 0 7 3 1 4 3  0 . 0 5 8 5 1 5  0 . 0 4 8 7 6 2
0 . 0 3 2 5 0 8  0 . 0 2 9 2 5 7  0 . 0 2 6 5 9 8  0 . 0 2 4 3 8 1  0 . 0 2 2 5 0 6
0 . 5 9 3 1 3 8  0 . 2 9 6 5 6 9  0 . 1 9 7 7 1 3  0 . 1 4 8 2 8 5  0 . 1 1 8 6 2 8  0 . 0 9 8 8 5 6
0 . 0 6 5 9 0 4  0 . 0 5 9 3 1 4  0 . 0 5 3 9 2 2  0 . 0 4 9 4 2 8  0 . 0 4 5 6 2 6
1 . 0 5 2 3 6 6  0 . 5 2 6 1 8 3  0 . 3 5 0 7 8 9  0 . 2 6 3 0 9 1  0 . 2 1 0 4 7 3  0 . 1 7 5 3 9 4
0 . 1 1 6 9 3 0  0 . 1 0 5 2 3 7  0 . 0 9 5 6 7 0  0 . 0 8 7 6 9 7  0 . 0 8 0 9 5 1
0 . 5 6 3 8  0 . 4 2 2 8  0 . 3 3 8 3  0 . 2 8 1 9
1 6 9 1  0 . 1 5 3 8  0 . 1 4 0 9  0 . 1 3 0 1
0 . 8 4 0 4  0 . 6 3 0 3
2 5 2 1  0 . 2 2 9 2  0
0 . 8 8 6 0
1 . 6 9 1 4  0 . 8 4 5 7
0 . 1 8 7 9  0
2 . 5 2 1 2  1 . 2 6 0 6
0 . 2 8 0 1  0
3 . 5 4 3 9  1 . 7 7 2 0
0 . 3 9 3 8  0 . 3 5 4 4  0
4 . 7 5 4 4  2 . 3 7 7 2  1 . 5 8 4 8
1 . 1 8 1 3
0 . 5 0 4 2  
2101  0 . 
0 . 7 0 8 8
0 . 4 2 0 2
1 9 3 9
0 . 5 9 0 7
3 2 2 2  0 . 2 9 5 3  0.
1 . 1 8 8 6  0 . 9 5 0 9
2 7 26
0 . 7 9 2 4
1 . 0 1 0 E - 0 9  
8 . 0 2 1 E - 0 8  
2 . 5 6 0 E - 0 6  
4 . 2 5 1 E - 0 5  
4 . 3 4 8 E - 0 4  
3 . 0 7 5 E - 0 3  
1 . 6 3 1 E - 0 2  
6 . 8 8 3 E - 0 2  
2 . 4 1 5 E - 0 1  
7 . 2 8 6 E - 0 1  
1 . 9 3 9 E+ 00
2 . 4 7 6 E - 0 4
1 . 4 2 0 E - 0 3
5 . 1 4 1 E - 0 3
1 . 3 8 0 E - 0 2
3 . 0 1 7 E - 0 2
5 . 6 8 9 E - 0 2
9 . 6 1 6 E - 0 2
1 . 4 9 6 E - 0 1
2 . 1 8 0 E - 0 1
3 . 0 1 7 E - 0 1
0 . 4 0 0 5 5
0 . 5 1 3 9 4
0 . 6 4 1 0 1
03 9 . 6 5 3 8 E - 0 4  
0 . 0 0 5 3 4 9  
0 . 0 1 7 1 1 8  
0 . 0 4 1 7 9 6  
0 . 0 8 4 7 3 4  
0 . 1 5 0 3 3 8  
0 . 2 4 1 6  
0 . 3 6 0 2  
0 . 5 0 6 3  
0 . 6 7 9 2
8 . 8 4 0 E - 1 0  
7 . 0 1 8 E - 0 8  
2 . 2 4 0 E - 0 6  
3 . 7 1 9 E - 0 5  
3 . 8 0 4 E - 0 4  
2 . 6 9 1 E - 0 3  
1 . 4 2 7 E - 0 2  
6 . 0 2 3 E - 0 2  
2 . 1 1 3 E - 0 1  
6 . 3 7 5 E - 0 1  
1 . 6 96 E+ 00
2 . 1 6 6 E - 0 4
1 . 2 4 2 E - 0 3
4 . 4 9 9 E - 0 3
1 . 2 0 8 E - 0 2
2 . 6 4 0 E - 0 2
4 . 9 7 8 E - 0 2
8 . 4 1 4 E - 0 2
1 . 3 0 9 E - 0 1
1 . 9 0 7 E - 0 1
2 . 6 4 0 E - 0 1
0 . 3 5 0 4 8
0 . 4 4 9 7 0
0 . 5 6 0 8 8
8 . 5 8 1 E - 0 4  7 . 7 2 3 E -
0 . 0 0 4 6 8 0
0 . 0 1 4 9 7 8
0 . 0 3 6 5 7 2
0 . 0 7 4 1 4 2
0 . 1 3 1 5 4 6
0 . 2 1 1 4
0 . 3 1 5 2
0 . 4 4 3 0
0 . 5 9 4 3
0 . 5 2 8 3 0 . 4 7 5 4 0 . 4 3 2 2 0 . 3 9 6 2 0 . 3 6 5 7
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6 . 1 4 2 6  3 . 0 7 1 3  2 . 0 4 7 5  1 . 5 3 5 7  1 . 2 2 8 5  1 . 0 2 3 8
0 . 6 8 2 5  0 . 6 1 4 3  0 . 5 5 8 4  0 . 5 1 1 9  0 . 4 7 2 5
7 . 6 9 4 9  3 . 8 4 7 5  2 . 5 6 5 0  1 . 9 2 3 7  1 . 5 3 9 0  1 . 2 8 2 5
0 . 8 5 5 0  0 . 7 6 9 5  0 . 6 9 9 5  0 . 6 4 1 2  0 . 5 9 1 9
9 . 3 9 5 8  4 . 6 9 7 9  3 . 1 3 1 9  2 . 3 4 9 0  1 . 8 7 9 2  1 . 5 6 6 0
1 . 0 4 4 0  0 . 9 3 9 6  0 . 8 5 4 2  0 . 7 8 3 0  0 . 7 2 2 8
* k v t a b l e  5 **  K v a l u e  t a b l e  f o r  C 2 - 5
0 . 5 2 0 4 7  0 . 2 6 0 2 4  0 . 1 7 3 4 9  0 . 1 3 0 1 2  0 . 1 0 4 0 9  0 . 0 8 6 7 5
5 . 7 8 3 1 E - 0 2  5 . 2 0 4 7 E - 0 2  4 . 7 3 1 6 E - 0 2  4 . 3 3 7 3 E - 0 2  4 . 0 0 3 7 E - 0 2
I . 3 9 4 8 6  0 . 6 9 7 4 3  0 . 4 6 4 9 5  0 . 3 4 8 7 2  0 .2 7 , 8 9 7  0 . 2 3 2 4 8
0 . 1 5 4 9 8  0 . 1 3 9 4 9  0 . 1 2 6 8 1  0 . 1 1 6 2 4  0 . 1 0 7 3 0
2 . 8 8 4 0  1 . 4 4 2 0  0 . 9 6 1 3  0 . 7 2 1 0  0 . 5 7 6 8  0 . 4 8 0 7
0 . 3 2 0 4  0 . 2 8 8 4  0 . 2 6 2 2  0 . 2 4 0 3  0 . 2 2 1 8
5 . 0 3 6 2  2 . 5 1 8 1  1 . 6 7 8 7  1 . 2 5 9 0  1 . 0 0 7 2  0 . 8 3 9 4
0 . 5 5 9 6  0 . 5 0 3 6  0 . 4 5 7 8  0 . 4 1 9 7  0 . 3 8 7 4
7 . 8 3 0 0  3 . 9 1 5 0  2 . 6 1 0 0  1 . 9 5 7 5  1 . 5 6 6 0  1 . 3 0 5 0
0 . 8 7 0 0  0 . 7 8 3 0  0 . 7 1 1 8  0 . 6 5 2 5  0 . 6 0 2 3
I I . 2 0 1 2  5 . 6 0 0 6  3 . 7 3 3 7  2 . 8 0 0 3  2 . 2 4 0 2  1 . 8 6 6 9
1 . 2 4 4 6  1 . 1 2 0 1  1 . 0 1 8 3  0 . 9 3 3 4  0 . 8 6 1 6
1 5 . 0 6 4 5  7 . 5 3 2 2  5 . 0 2 1 5  3 . 7 6 6 1  3 . 0 1 2 9  2 . 5 1 0 7
1 . 6 7 3 8  1 . 5 0 6 4  1 . 3 6 9 5  1 . 2 5 5 4  1 . 1 5 8 8
1 9 . 3 2 9 4  9 . 6 6 4 7  6 . 4 4 3 1  4 . 8 3 2 3  3 . 8 6 5 9  3 . 2 2 1 6
2 . 1 4 7 7  1 . 9 3 2 9  1 . 7 5 7 2  1 . 6 1 0 8  1 . 4 8 6 9
2 3 . 9 0 8 9  1 1 . 9 5 4 5  7 . 9 6 9 6  5 . 9 7 7 2  4 . 7 8 1 8  3 . 9 8 4 8
2 . 6 5 6 5  2 . 3 9 0 9  2 . 1 7 3 5  1 . 9 9 2 4  1 . 8 3 9 1
2 8 . 7 2 4 5  1 4 . 3 6 2 2  9 . 5 7 4 8  7 . 1 8 1 1  5 . 7 4 4 9  4 . 7 8 7 4
3 . 1 9 1 6  2 . 8 7 2 4  2 . 6 1 1 3  2 . 3 9 3 7  2 . 2 0 9 6
3 3 . 7 0 7 6  1 6 . 8 5 3 8  1 1 . 2 3 5 9  8 . 4 2 6 9  6 . 7 4 1 5  5 . 6 1 7 9
3 . 7 4 5 3  3 . 3 7 0 8  3 . 0 6 4 3  2 . 8 0 9 0  2 . 5 9 2 9
3 8 . 8 0 0 1  1 9 . 4 0 0 1  1 2 . 9 3 3 4  9 . 7 0 0 0  7 . 7 6 0 0  6 . 4 6 6 7
4 . 3 1 1 1  3 . 8 8 0 0  3 . 5 2 7 3  3 . 2 3 3 3  2 . 9 8 4 6
4 3 . 9 5 3 6  2 1 . 9 7 6 8  1 4 . 6 5 1 2  1 0 . 9 8 8 4  8 . 7 9 0 7  7 . 3 2 5 6
4 . 8 8 3 7  4 . 3 9 5 4  3 . 9 9 5 8  3 . 6 6 2 8  3 . 3 8 1 0
♦ k v t a b l e  6 ** K v a l u e  t a b l e  f o r  CH4
1 0 . 8 8 6 5  5 . 4 4 3 2  3 . 6 2 8 8  2 . 7 2 1 6  2 . 1 7 7 3  1 . 8 1 4 4
I . 2 0 9 6  1 . 0 8 8 6  0 . 9 8 9 7  0 . 9 0 7 2  0 . 8 3 7 4
1 8 . 0 1 4 4  9 . 0 0 7 2  6 . 0 0 4 8  4 . 5 0 3 6  3 . 6 0 2 9  3 . 0 0 2 4
2 . 0 0 1 6  1 . 8 0 1 4  1 . 6 3 7 7  1 . 5 0 1 2  1 . 3 8 5 7
2 6 . 1 0 9 2  1 3 . 0 5 4 6  8 . 7 0 3 1  6 . 5 2 7 3  5 . 2 2 1 8  4 . 3 5 1 5
2 . 9 0 1 0  2 . 6 1 0 9  2 . 3 7 3 6  2 . 1 7 5 8  2 . 0 0 8 4
3 4 . 7 1 2 3  1 7 . 3 5 6 1  1 1 . 5 7 0 8  8 . 6 7 8 1  6 . 9 4 2 5  5 . 7 8 5 4
3 . 8 5 6 9  3 . 4 7 1 2  3 . 1 5 5 7  2 . 8 9 2 7  2 . 6 7 0 2
4 3 . 4 9 1 5  2 1 . 7 4 5 8  1 4 . 4 9 7 2  1 0 . 8 7 2 9  8 . 6 9 8 3  7 . 2 4 8 6
4 . 8 3 2 4  4 . 3 4 9 2  3 . 9 5 3 8  3 . 6 2 4 3  3 . 3 4 5 5
5 2 . 2 2 1 6  2 6 . 1 1 0 8  1 7 . 4 0 7 2  1 3 . 0 5 5 4  1 0 . 4 4 4 3  8 . 7 0 3 6
5 . 8 0 2 4  5 . 2 2 2 2  4 . 7 4 7 4  4 . 3 5 1 8  4 . 0 1 7 0
6 0 . 7 5 7 3  3 0 . 3 7 8 6  2 0 . 2 5 2 4  1 5 . 1 8 9 3  1 2 . 1 5 1 5  1 0 . 1 2 6 2
6 . 7 5 0 8  6 . 0 7 5 7  5 . 5 2 3 4  5 . 0 6 3 1  4 . 6 7 3 6
6 9 . 0 0 9 7  3 4 . 5 0 4 9  2 3 . 0 0 3 2  1 7 . 2 5 2 4  1 3 . 8 0 1 9  1 1 . 5 0 1 6
7 . 6 6 7 7  6 . 9 0 1 0  6 . 2 7 3 6  5 . 7 5 0 8  5 . 3 0 8 4
7 6 . 9 2 8 6  3 8 . 4 6 4 3  2 5 . 6 4 2 9  1 9 . 2 3 2 2  1 5 . 3 8 5 7  1 2 . 8 2 1 4
8 . 5 4 7 6  7 . 6 9 2 9  6 . 9 9 3 5  6 . 4 1 0 7  5 . 9 1 7 6
8 4 . 4 8 9 6  4 2 . 2 4 4 8  2 8 . 1 6 3 2  2 1 . 1 2 2 4  1 6 . 8 9 7 9  1 4 . 0 8 1 6
9 . 3 8 7 7  8 . 4 4 9 0  7 . 6 8 0 9  7 . 0 4 0 8  6 . 4 9 9 2
9 1 . 6 8 5 0  4 5 . 8 4 2 5  3 0 . 5 6 1 7  2 2 . 9 2 1 3  1 8 . 3 3 7 0  1 5 . 2 8 0 8
1 0 . 1 8 7 2  9 . 1 6 8 5  8 . 3 3 5 0  7 . 6 4 0 4  7 . 0 5 2 7
9 8 . 5 1 8 3  4 9 . 2 5 9 2  3 2 . 8 3 9 4  2 4 . 6 2 9 6  1 9 . 7 0 3 7  1 6 . 4 1 9 7
1 0 . 9 4 6 5  9 . 8 5 1 8  8 . 9 5 6 2  8 . 2 0 9 9  7 . 5 7 8 3
1 0 4 . 9 9 9 7  5 2 . 4 9 9 9  3 4 . 9 9 9 9  2 6 . 2 4 9 9  2 0 . 9 9 9 9  1 7 . 5 0 0 0
I I . 6 6 6 6  1 0 . 5 0 0 0  9 . 5 4 5 4  8 . 7 5 0 0  8 . 0 7 6 9
* k v t a b l e  7 **  K v a l u e  t a b l e  f o r  C02
2 . 4 9 1 4  1 . 2 4 5 7  0 . 8 3 0 5  0 . 6 2 2 9  0 . 4 9 8 3  0 . 4 1 5 2
0 . 2 7 6 8  0 . 2 4 9 1  0 . 2 2 6 5  0 . 2 0 7 6  0 . 1 9 1 6
6 . 8 2 4 9  3 . 4 1 2 5  2 . 2 7 5 0  1 . 7 0 6 2  1 . 3 6 5 0  1 . 1 3 7 5
0 . 7 5 8 3  0 . 6 8 2 5  0 . 6 2 0 4  0 . 5 6 8 7  0 . 5 2 5 0
1 4 . 3 4 1 1  7 . 1 7 0 5  4 . 7 8 0 4  3 . 5 8 5 3  2 . 8 6 8 2  2 . 3 9 0 2
1 . 5 9 3 5  1 . 4 3 4 1  1 . 3 0 3 7  1 . 1 9 5 1  1 . 1 0 3 2
2 5 . 3 5 5 3  1 2 . 6 7 7 6  8 . 4 5 1 8  6 . 3 3 8 8  5 . 0 7 1 1  4 . 2 2 5 9
2 . 8 1 7 3  2 . 5 3 5 5  2 . 3 0 5 0  2 . 1 1 2 9  1 . 9 5 0 4
0.8775 0.7678
1 . 0 9 9 3  0 . 9 6 1 9
1 . 3 4 2 3  1 . 1 7 4 5
7 . 4 3 5 4 E - 0 2  
0 . 1 9 9 2 7  
0 . 4 1 2 0  
0 . 7 1 9 5  
1 . 1 1 8 6  
1 . 6 0 0 2  
2 . 1 5 2 1  
2 . 7 6 1 3  
3 . 4 1 5 6  
4 . 1 0 3 5  
4 . 8 1 5 4  
5 . 5 4 2 9  
6 . 2 7 9 1
1 . 5 5 5 2
2 . 5 7 3 5
3 . 7 2 9 9
4 . 9 5 8 9
6 . 2 1 3 1
7 . 4 6 0 2
8 . 6 7 9 6
9 . 8 5 8 5
1 0 . 9 8 9 8
1 2 . 0 6 9 9
1 3 . 0 9 7 9
1 4 . 0 7 4 0
1 5 . 0 0 0 0
0 . 3 5 5 9
0 . 9 7 5 0
2 . 0 4 8 7
3 . 6 2 2 2
6 . 5 0 5 9 E - 0 2
0 . 1 7 4 3 6
0 . 3 6 0 5
0 . 6 2 9 5
0 . 9 7 8 8
1 . 4 0 0 1
1 . 8 8 3 1
2 . 4 1 6 2
2 . 9 8 8 6
3 . 5 9 0 6
4 . 2 1 3 5
4 . 8 5 0 0
5 . 4 9 4 2
I . 3 6 0 8  
2 . 2 5 1 8  
3 . 2 6 3 6  
4 . 3 3 9 0  
5 . 4 3 6 4  
6 . 5 2 7 7  
7 . 5 9 4 7  
8 . 6 2 6 2  
9 . 6 1 6 1  
1 0 . 5 6 1 2
I I . 4 6 0 6  
1 2 . 3 1 4 8  
1 3 . 1 2 5 0
0 . 3 1 1 4
0 . 8 5 3 1
1 . 7 9 2 6
3 . 1 6 9 4
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3 9 . 8 1 0 3  1 9 . 9 0 5 2  1 3 . 2 7 0 1  9 . 9 5 2 6  7 . 9 6 2 1  6 . 6 3 5 1  5 . 6 8 7 2  4 . 9 7 6 3
4 . 4 2 3 4  3 . 9 8 1 0  3 . 6 1 9 1  3 . 3 1 7 5  3 . 0 6 2 3
5 7 . 4 0 5 7  2 8 . 7 0 2 9  1 9 . 1 3 5 2  1 4 . 3 5 1 4  1 1 . 4 8 1 1  9 . 5 6 7 6  8 . 2 0 0 8  7 . 1 7 5 7
6 . 3 7 8 4  5 . 7 4 0 6  5 . 2 1 8 7  4 . 7 8 3 8  4 . 4 1 5 8
7 7 . 7 1 5 6  3 8 . 8 5 7 8  2 5 . 9 0 5 2  1 9 . 4 2 8 9  1 5 . 5 4 3 1  1 2 . 9 5 2 6  1 1 . 1 0 2 2  9 . 7 1 4 4
8 . 6 3 5 1  7 . 7 7 1 6  7 . 0 6 5 1  6 . 4 7 6 3  5 . 9 7 8 1
1 0 0 . 2 7 2 0  5 0 . 1 3 6 0  3 3 . 4 2 4 0  2 5 . 0 6 8 0  2 0 . 0 5 4 4  1 6 . 7 1 2 0  1 4 . 3 2 4 6  1 2 . 5 3 4 0
1 1 . 1 4 1 3  1 0 . 0 2 7 2  9 . 1 1 5 6  8 . 3 5 6 0  7 . 7 1 3 2
1 2 4 . 6 1 6 6  6 2 . 3 0 8 3  4 1 . 5 3 8 9  3 1 . 1 5 4 1  2 4 . 9 2 3 3  2 0 . 7 6 9 4  1 7 . 8 0 2 4  1 5 . 5 7 7 1
1 3 . 8 4 6 3  1 2 . 4 6 1 7  1 1 . 3 2 8 8  1 0 . 3 8 4 7  9 . 5 8 5 9
1 5 0 . 3 2 8 4  7 5 . 1 6 4 2  5 0 . 1 0 9 5  3 7 . 5 8 2 1  3 0 . 0 6 5 7  2 5 . 0 5 4 7  2 1 . 4 7 5 5  1 8 . 7 9 1 1
1 6 . 7 0 3 2  1 5 . 0 3 2 8  1 3 . 6 6 6 2  1 2 . 5 2 7 4  i l . 5 6 3 7
1 7 7 . 0 3 6 2  8 8 . 5 1 8 1  5 9 . 0 1 2 1  4 4 . 2 5 9 0  3 5 . 4 0 7 2  2 9 . 5 0 6 0  2 5 . 2 9 0 9  2 2 . 1 2 9 5
1 9 . 6 7 0 7  1 7 . 7 0 3 6  1 6 . 0 9 4 2  1 4 . 7 5 3 0  1 3 . 6 1 8 2
2 0 4 . 4 2 1 4  1 0 2 . 2 1 0 7  6 8 . 1 4 0 5  5 1 . 1 0 5 3  4 0 . 8 8 4 3  3 4 . 0 7 0 2  2 9 . 2 0 3 1  2 5 . 5 5 2 7
2 2 . 7 1 3 5  2 0 . 4 4 2 1  1 8 . 5 8 3 8  1 7 . 0 3 5 1  1 5 . 7 2 4 7
2 3 2 . 2 1 6 1  1 1 6 . 1 0 8 0  7 7 . 4 0 5 4  5 8 . 0 5 4 0  4 6 . 4 4 3 2  3 8 . 7 0 2 7  3 3 . 1 7 3 7  2 9 . 0 2 7 0
2 5 . 8 0 1 8  2 3 . 2 2 1 6  2 1 . 1 1 0 6  1 9 . 3 5 1 3  1 7 . 8 6 2 8
* k v t a b l e  8 **  K v a l u e  t a b l e  f o r  N2
2 7 . 0 1 8 8  1 3 . 5 0 9 4  9 . 0 0 6 3  6 . 7 5 4 7  5 . 4 0 3 8  4 . 5 0 3 1  3 . 8 5 9 8  3 . 3 7 7 3
3 . 0 0 2 1  2 . 7 0 1 9  2 . 4 5 6 3  2 . 2 5 1 6  2 . 0 7 8 4
3 8 . 0 4 8 3  1 9 . 0 2 4 1  1 2 . 6 8 2 8  9 . 5 1 2 1  7 . 6 0 9 7  6 . 3 4 1 4  5 . 4 3 5 5  4 . 7 5 6 0
4 . 2 2 7 6  3 . 8 0 4 8  3 . 4 5 8 9  3 . 1 7 0 7  2 . 9 2 6 8
4 8 . 9 6 4 5  2 4 . 4 8 2 2  1 6 . 3 2 1 5  1 2 . 2 4 1 1  9 . 7 9 2 9  8 . 1 6 0 7  6 . 9 9 4 9  6 . 1 2 0 6
5 . 4 4 0 5  4 . 8 9 6 4  4 . 4 5 1 3  4 . 0 8 0 4  3 . 7 6 6 5
5 9 . 4 2 2 5  2 9 . 7 1 1 3  1 9 . 8 0 7 5  1 4 . 8 5 5 6  1 1 . 8 8 4 5  9 . 9 0 3 8  8 . 4 8 8 9  7 . 4 2 7 8
6 . 6 0 2 5  5 . 9 4 2 3  5 . 4 0 2 0  4 . 9 5 1 9  4 . 5 7 1 0
6 9 . 2 6 3 8  3 4 . 6 3 1 9  2 3 . 0 8 7 9  1 7 . 3 1 6 0  1 3 . 8 5 2 8  1 1 . 5 4 4 0  9 . 8 9 4 8  8 . 6 5 8 0
7 . 6 9 6 0  6 . 9 2 6 4  6 . 2 9 6 7  5 . 7 7 2 0  5 . 3 2 8 0
7 8 . 4 3 4 0  3 9 . 2 1 7 0  2 6 . 1 4 4 7  1 9 . 6 0 8 5  1 5 . 6 8 6 8  1 3 . 0 7 2 3  1 1 . 2 0 4 9  9 . 8 0 4 2
8 . 7 1 4 9  7 . 8 4 3 4  7 . 1 3 0 4  6 . 5 3 6 2  6 . 0 3 3 4
8 6 . 9 3 4 5  4 3 . 4 6 7 2  2 8 . 9 7 8 2  2 1 . 7 3 3 6  1 7 . 3 8 6 9  1 4 . 4 8 9 1  1 2 . 4 1 9 2  1 0 . 8 6 6 8
9 . 6 5 9 4  8 . 6 9 3 4  7 . 9 0 3 1  7 . 2 4 4 5  6 . 6 8 7 3
9 4 . 7 9 5 2  4 7 . 3 9 7 6  3 1 . 5 9 8 4  2 3 . 6 9 8 8  1 8 . 9 5 9 0  1 5 . 7 9 9 2  1 3 . 5 4 2 2  1 1 . 8 4 9 4
1 0 . 5 3 2 8  9 . 4 7 9 5  8 . 6 1 7 7  7 . 8 9 9 6  7 . 2 9 1 9
1 0 2 . 0 5 9 2  5 1 . 0 2 9 6  3 4 . 0 1 9 7  2 5 . 5 1 4 8  2 0 . 4 1 1 8  1 7 . 0 0 9 9  1 4 . 5 7 9 9  1 2 . 7 5 7 4
1 1 . 3 3 9 9  1 0 . 2 0 5 9  9 . 2 7 8 1  8 . 5 0 4 9  7 . 8 5 0 7
1 0 8 . 7 7 4 1  5 4 . 3 8 7 1  3 6 . 2 5 8 0  2 7 . 1 9 3 5  2 1 . 7 5 4 8  1 8 . 1 2 9 0  1 5 . 5 3 9 2  1 3 . 5 9 6 8
1 2 . 0 8 6 0  1 0 . 8 7 7 4  9 . 8 8 8 6  9 . 0 6 4 5  8 . 3 6 7 2
1 1 4 . 9 8 7 6  5 7 . 4 9 3 8  3 8 . 3 2 9 2  2 8 . 7 4 6 9  2 2 . 9 9 7 5  1 9 . 1 6 4 6  1 6 . 4 2 6 8  1 4 . 3 7 3 5
1 2 . 7 7 6 4  1 1 . 4 9 8 8  1 0 . 4 5 3 4  9 . 5 8 2 3  8 . 8 4 5 2
1 2 0 . 7 4 5 2  6 0 . 3 7 2 6  4 0 . 2 4 8 4  3 0 . 1 8 6 3  2 4 . 1 4 9 0  2 0 . 1 2 4 2  1 7 . 2 4 9 3  1 5 . 0 9 3 2
1 3 . 4 1 6 1  1 2 . 0 7 4 5  1 0 . 9 7 6 8  1 0 . 0 6 2 1  9 . 2 8 8 1
1 2 6 . 0 8 9 1  6 3 . 0 4 4 5  4 2 . 0 2 9 7  3 1 . 5 2 2 3  2 5 . 2 1 7 8  2 1 . 0 1 4 8  1 8 . 0 1 2 7  1 5 . 7 6 1 1
1 4 . 0 0 9 9  1 2 . 6 0 8 9  1 1 . 4 6 2 6  1 0 . 5 0 7 4  9 . 6 9 9 2
* k v t a b l e  9 ** K v a l u e  t a b l e  f o r  H2S
0 . 8 0 4 3  0 . 4 0 2 1  0 . 2 6 8 1  0 . 2 0 1 1  0 . 1 6 0 9  0 . 1 3 4 0  0 . 1 1 4 9  0 . 1 0 0 5
0 . 0 8 9 4  0 . 0 8 0 4  0 . 0 7 3 1  0 . 0 6 7 0  0 . 0 6 1 9
2 . 3 4 1 4  1 . 1 7 0 7  0 . 7 8 0 5  0 . 5 8 5 4  0 . 4 6 8 3  0 . 3 9 0 2  0 . 3 3 4 5  0 . 2 9 2 7
0 . 2 6 0 2  0 . 2 3 4 1  0 . 2 1 2 9  0 . 1 9 5 1  0 . 1 8 0 1
5 . 1 4 5 4  2 . 5 7 2 7  1 . 7 1 5 1  1 . 2 8 6 3  1 . 0 2 9 1  0 . 8 5 7 6  0 . 7 3 5 1  0 . 6 4 3 2
0 . 5 7 1 7  0 . 5 1 4 5  0 . 4 6 7 8  0 . 4 2 8 8  0 . 3 9 5 8
9 . 4 1 5 4  4 . 7 0 7 7  3 . 1 3 8 5  2 . 3 5 3 8  1 . 8 8 3 1  1 . 5 6 9 2  1 . 3 4 5 1  1 . 1 7 6 9
1 . 0 4 6 2  0 . 9 4 1 5  0 . 8 5 5 9  0 . 7 8 4 6  0 . 7 2 4 3
1 5 . 1 9 1 0  7 . 5 9 5 5  5 . 0 6 3 7  3 . 7 9 7 8  3 . 0 3 8 2  2 . 5 3 1 8  2 . 1 7 0 1  1 . 8 9 8 9
1 . 6 8 7 9  1 . 5 1 9 1  1 . 3 8 1 0  1 . 2 6 5 9  1 . 1 6 8 5
2 2 . 3 9 4 3  1 1 . 1 9 7 1  7 . 4 6 4 8  5 . 5 9 8 6  4 . 4 7 8 9  3 . 7 3 2 4 ,  3 . 1 9 9 2  2 . 7 9 9 3
2 . 4 8 8 3  2 . 2 3 9 4  2 . 0 3 5 8  1 . 8 6 6 2  1 . 7 2 2 6
3 0 . 8 7 6 5  1 5 . 4 3 8 2  1 0 . 2 9 2 2  7 . 7 1 9 1  6 . 1 7 5 3  5 . 1 4 6 1  4 . 4 1 0 9  3 . 8 5 9 6
3 . 4 3 0 7  3 . 0 8 7 6  2 . 8 0 7 0  2 . 5 7 3 0  2 . 3 7 5 1
4 0 . 4 5 5 4  2 0 . 2 2 7 7  1 3 . 4 8 5 1  1 0 . 1 1 3 8  8 . 0 9 1 1  6 . 7 4 2 6  5 . 7 7 9 3  5 . 0 5 6 9
4 . 4 9 5 0  4 . 0 4 5 5  3 . 6 7 7 8  3 . 3 7 1 3  3 . 1 1 2 0
5 0 . 9 4 1 1  2 5 . 4 7 0 5  1 6 . 9 8 0 4  1 2 . 7 3 5 3  1 0 . 1 8 8 2  8 . 4 9 0 2  7 . 2 7 7 3  6 . 3 6 7 6
5 . 6 6 0 1  5 . 0 9 4 1  4 . 6 3 1 0  4 . 2 4 5 1  3 . 9 1 8 5
6 2 . 1 5 1 1  3 1 . 0 7 5 5  . 2 0 . 7 1 7 0  1 5 . 5 3 7 8  1 2 . 4 3 0 2  1 0 . 3 5 8 5  8 . 8 7 8 7  7 . 7 6 8 9
6 . 9 0 5 7  6 . 2 1 5 1  5 . 6 5 0 1  5 . 1 7 9 3  4 . 7 8 0 9
7 3 . 9 1 8 8  3 6 . 9 5 9 4  2 4 . 6 3 9 6  1 8 . 4 7 9 7  1 4 . 7 8 3 8  1 2 . 3 1 9 8  1 0 . 5 5 9 8  9 . 2 3 9 8
8 . 2 1 3 2  7 . 3 9 1 9  6 . 7 1 9 9  6 . 1 5 9 9  5 . 6 8 6 1
8 6 . 0 9 7 0  4 3 . 0 4 8 5  2 8 . 6 9 9 0  2 1 . 5 2 4 2  1 7 . 2 1 9 4  1 4 . 3 4 9 5  1 2 . 2 9 9 6  1 0 . 7 6 2 1
9 . 5 6 6 3  8 . 6 0 9 7  7 . 8 2 7 0  7 . 1 7 4 7  6 . 6 2 2 8
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9 8 . 5 5 8 6  4 9 . 2 7 9 3  3 2 . 8 5 2 9  2 4 . 6 3 9 6  1 9 . 7 1 1 7  1 6 . 4 2 6 4  1 4 . 0 7 9 8  1 2 . 3 1 9 8
1 0 . 9 5 1 0  9 . 8 5 5 9  8 . 9 5 9 9  8 . 2 1 3 2  7 . 5 8 1 4
* l i q l i q k v
* k v t a b l i m 6 5 0 0 E + 0 3  . 1 5 5 0 E + 0 4  . 17 5 0 E+0 3  . 6 2 50 E+ 0 3
** l o w / h i g h  p r e s s u r e ;  l o w / h i g h  t e m p e r a t u r e
* k v t a b l e  7 ** L i q u i d / l i q u i d  K v a l u e  w / x  t a b l e  f o r  C02 i n  w a t e r  p h a s e
** P r e s s u r e ,  p s i a
. 7 5 00 E + 0 3** T,  d e g  F . 6 5 0 0 E + 0 3
. 1 3 5 0 E + 0 4  . 1 4 5 0 E + 0 4
** . 1 5 5 0 E+ 0 4
** 1 7 5 . 0 0 0
. 1 1 2 0 E+ 0 3  . 1 0 0 1 E+ 0 3
. 6 6 9 6 E+ 0 2  . 6 4 3 1 E + 0 2  . 6 2 0 6 E + 0 2
** 2 2 5 . 0 0 0
. 1 3 3 0 E+ 0 3  . 1 1 8 1E + 0 3
. 7 5 8 1 E+ 0 2  . 7 2 2 7 E + 0 2  . 6 9 2 2 E + 0 2
** 2 7 5 . 0 0 0
. 1 3 7 9 E+ 0 3  . 1 2 19 E + 0 3
. 7 6 1 0 E+ 0 2  . 7 2 2 1 E + 0 2  . 6 8 8 3 E + 0 2
** 3 2 5 . 0 0 0
. 1 3 03 E + 0 3  . 1 14 8 E + 03
. 7 0 2 5 E+ 0 2  . 6 6 4 3 E + 0 2  . 6 3 1 2 E + 0 2
* *  3 7 5 . 0 0 0
. 1 1 5 1 E + 0 3  . 1 01 2 E + 0 3
. 6 1 1 1E + 0 2  . 5 7 6 6 E+ 0 2  . 5 4 6 5 E + 0 2
** 4 2 5 . 0 0 0
. 9 6 5 3 E + 0 2  . 8 4 88 E + 0 2
. 5 08 7 E + 0 2  . 4 7 9 2 E + 0 2  . 4 5 3 4 E + 0 2
** 4 7 5 . 0 0 0
. 7 7 2 0 E + 0 2  . 6 8 01 E + 0 2
. 4 0 7 8 E + 0 2  . 3 8 3 8 E+ 0 2  . 3 6 2 9 E + 0 2
** 5 2 5 . 0 0 0
. 1 0 0 0 E + 0 1  . 1 0 0 0 E+ 0 1
. 3 07 6 E + 02  . 2 8 4 9 E + 0 2  ' . 2 6 6 1 E + 0 2
** 5 7 5 . 0 0 0
. 1 0 0 0 E + 0 1  . 1 0 0 0 E + 0 1
. 1 0 0 0 E + 0 1  . 1 0 0 0 E + 0 1  . 2 02 1E + 02
** 6 2 5 . 0 0 0
. 1 0 0 0 E + 0 1  . 1 0 0 0 E+ 0 1
. 1 0 0 0 E + 0 1  . 1 0 0 0 E + 0 1  . 1 0 00 E + 0 1
. 8 5 0 0E + 0 3  . 9 5 0 0 E + 0 3  . 1 0 5 0 E + 0 4  . 1 1 5 0 E + 0 4  . 1 2 5 0 E + 0 4
. 9 1 0 9 E+ 0 2  . 8 4 0 6 E+ 0 2
. 1 09 7 E + 03
. 7 8 4 4 E + 0 2 7 38 8 E + 0 2  . 7 0 1 1 E + 0 2
1 06 8 E + 0 3  . 9 7 8 6 E + 0 2  . 9 0 7 0 E + 0 2  . 8 4 8 3 E + 0 2  . 7 9 9 4 E + 0 2
1 0 0 1 E + 0 3
. 1 0 3 0 E+ 0 3  . 9 3 65 E + 0 2
. 9 2 3 6 E+ 0 2
. 8 6 1 2 E + 0 2
, 8 5 9 8 E + 0 2  . 8 0 6 3 E + 0 2
. 7 9 9 0 E+ 0 2  . 7 4 6 8 E + 0 2
. 9 0 6 2 E + 0 2  . 8 2 2 4 E + 0 2  . 7 5 4 5 E + 0 2  . 6 9 84 E + 0 2  . 6 5 1 3 E+ 0 2
. 7 5 9 3 E + 0 2  . 6 8 8 3 E + 0 2  . 6 3 0 7 E + 0 2  . 5 8 3 1 E + 0 2  . 5 4 2 9 E + 0 2
. 6 0 9 0 E + 0 2  . 5 5 2 4 E + 0 2  . 5 0 6 2 E + 0 2  . 4 6 7 9 E + 0 2  . 4 3 5 5 E + 0 2
. 1 0 0 0 E + 0 1  . 4 2 3 2 E + 0 2  . 3 8 7 6 E + 0 2  . 3 5 7 8 E + 0 2  . 3 3 1 8 E + 0 2
. 1 0 0 0 E + 0 1  . 1 0 0 0 E + 0 1  . 1 0 0 0 E + 0 1  . 1 0 0 0 E + 0 1  . 1 0 0 0 E + 0 1
. 1 0 0 0 E + 0 1  . 1 0 0 0 E + 0 1  . 1 0 0 0 E + 0 1  . 1 0 0 0 E + 0 1  . 1 0 0 0 E + 0 1
* k v t a b l e  9 **  L i q u i d / l i q u i d  K v a l u e  w / x  t a b l e  f o r  H2S i n  w a t e r  p h a s e
** P r e s s u r e ,  p s i a
** T,  d e g  F . 6 5 0 0 E + 0 3  . 7 5 0 0 E + 0 3  . 8 5 0 0 E + 0 3
. 1 35 0E + 04  . 1 4 50 E+ 04
** . 1 55 0 E + 0 4
** 1 7 5 . 0 0 0
. 3 3 2 7 E + 0 2  . 2 8 3 2 E+ 0 2
. 1 42 2 E + 0 2  . 1 3 0 4 E + 0 2  . 1 2 0 1 E + 0 2
** 2 2 5 . 0 0 0
. 4 1 5 5 E+ 0 2  . 3 5 1 8 E+ 0 2  . 3 0 3 3 E + 0 2
. 1 7 02 E + 0 2  . 1 5 4 9 E + 0 2  . 1 41 6E + 02
** 2 7 5 . 0 0 0
. 4 7 0 4 E + 0 2  . 3 9 8 9 E + 0 2
. 1 94 3 E + 02  . 1 7 6 9 E + 0 2  . 1 61 9 E + 02
** 3 2 5 . 0 0 0
. 4 9 9 3 E + 0 2  . 4 2 6 2 E + 0 2  . 3 7 0 4 E + 0 2
. 2 15 7 E+ 02  . 1 9 7 6 E + 0 2  . 1 8 1 9 E + 0 2
** 3 7 5 . 0 0 0
. 9 50 0 E + 0 3  . 1 0 5 0 E + 0 4
, 2 4 5 5 E + 0 2  . 2 1 5 8 E + 0 2
. 3 4 4 4 E + 0 2  . 3 0 1 5 E + 0 2
3 2 6 3 E + 0 2
1 9 2 0 E + 0 2
. 2 6 5 2 E + 0 2  . 2 3 4 5 E + 0 2
. 2 6 6 9 E + 0 2
2 9 0 7 E + 0 2
1 15 0 E + 0 4  . 1 25 0 E + 04
, 1 7 2 4 E+ 0 2  . 1 5 6 1 E+ 0 2
. 2 0 9 2 E+ 0 2  . 1 8 8 1 E+ 0 2
2 3 8 4 E + 0 2  . 2 1 4 5 E+ 0 2
. 2 6 1 3 E + 0 2  . 2 3 6 7 E+ 0 2
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. 2 3 60 E + 0 2  
** 4 2 5 . 0 0 0
. 2 5 65 E + 0 2  
** 4 7 5 . 0 0 0
. 2 7 72 E + 0 2  
** 5 2 5 . 0 0 0
, 2 9 4 9 E + 0 2  
** 5 7 5 . 0 0 0
, 1 0 0 0 E + 0 1  
** 6 2 5 . 0 0 0
1 0 0 0 E + 0 1
. 5 0 7 3 E + 0 2  . 4 3 7 8 E + 0 2
. 2 1 8 5 E + 0 2  . 2 0 32 E+ 0 2
. 4 9 8 6 E + 0 2  . 4 3 6 9 E+ 0 2
, 2 4 0 7 E + 0 2  . 2 2 7 0 E+ 0 2
. 4 7 5 1 E + 0 2  . 4 2 4 5 E + 0 2
2 6 4 7 E + 0 2  . 2 5 3 8 E + 0 2
. 1 0 0 0 E + 0 1  . 1 0 0 0 E + 0 1
2 8 6 1 E + 0 2  . 2 79 2 E + 02
. 1 0 0 0 E + 0 1  . 1 0 0 0 E + 0 1
1 0 0 0 E + 0 1  . 3 0 5 6 E + 0 2
. 1 0 0 0 E + 0 1  . 1 0 0 0E + 0 1
1 0 0 0 E + 0 1  . 1 0 0 0 E + 0 1
3846E+02 . 3424E+02 .3083E+02 .2800E+02
. 3 8 9 4 E + 0 2  . 3 5 1 8 E + 0 2  . 3 2 1 3 E + 0 2  . 2 9 6 0 E + 0 2
. 3 8 5 6 E+ 0 2  . 3 5 4 7 E + 0 2  . 3 2 9 7 E + 0 2  . 3 0 9 1 E + 0 2
, 1 0 0 0 E+ 0 1  . 3 4 8 7 E + 0 2  . 3 3 1 0 E + 0 2  . 3 1 6 7 E + 0 2
1 0 0 0 E + 0 1  . 1 0 0 0 E + 0 1  . 1 0 0 0 E + 0 1  . 1 0 0 0 E + 0 1
1 00 0 E + 0 1  . 1 0 0 0 E + 0 1  . 1 0 0 0 E + 0 1  . 1 0 0 0 E + 0 1
* *  R e f e r e n c e  c o n d i t i o n s
* p r s r  1 4 . 7  * t e m r  60 * p s u r f  1 4 . 7  * t s u r f  60
* r o c k f l u i d
ROCK-FLUID PROPERTIES
* s w t  ** W a t e r - o i l  r e l a t i v e  p e r m e a b i l i t i e s
* *  S i w  = S w i r  = 0 , 24 S or w = 0 . 3 S o r g  = 0 . 1  S g c  = I
* *  K r o i w  = 0 . 4 Krwro = 0 . 1 K r g r o  = 0 . 2
**  Sw Krw Krow
★ ★
0 . 2 4 0 0 . 4
0 . 2 8 1 8 1 8 0 . 0 0 0 2 4 9 0 . 3 3 0 5 7 9
0 . 3 2 3 6 3 6 0 . 0 0 1 4 1 0 . 2 6 7 7 6 9
0 . 3 6 5 4 5 5 0 . 0 0 3 8 8 4 0 . 2 1 1 5 7
0 . 4 0 7 2 7 3 0 . 0 0 7 9 7 4 0 . 1 6 1 9 8 3
0 . 4 4 9 0 9 1 0 . 0 1 3 9 3 0 . 1 1 9 0 0 8
0 . 4 9 0 9 0 9 0 . 0 2 1 9 7 3 0 . 0 8 2 6 4 5
0 . 5 3 2 7 2 7 0 . 0 3 2 3 0 5 0 . 0 5 2 8 9 3
0 . 5 7 4 5 4 5 0 . 0 4 5 1 0 7 0 . 0 2 9 7 5 2
0 . 6 1 6 3 6 4 0 . 0 6 0 5 5 1 0 . 0 1 3 2 2 3
0 . 6 5 8 1 8 2 0 . 0 7 8 7 9 9 0 . 0 0 3 3 0 6
0 . 7 0 . 1 0
* s l t  **  L i q u i d - g a s  r e l a t i v e  p e r m e a b i l i t i e s
**SL Krg Krog
0 . 2 4 0 . 2 0
0 . 3 4 0 . 1 5 8 7 1 2 0
0 . 3 7 7 5 0 . 1 4 4 0 6 8 0 . 0 0 0 6 4 6
0 . 4 1 5 0 . 1 2 9 9 0 4 0 . 0 0 5 1 6 5
0 . 4 5 2 5 0 . 1 1 6 2 3 7 0 . 0 1 1 6 2 2
0 . 4 9 0 . 1 0 3 0 8 6 0 . 0 2 0 6 6 1
0 . 5 2 7 5 0 . 0 9 0 4 7 3 0 . 0 3 2 2 8 3
0 . 5 6 5 0 . 0 7 8 4 2 1 0 . 0 4 6 4 8 8
0 . 6 0 2 5 0 . 0 6 6 9 5 7 0 . 0 6 3 2 7 5
0 . 6 4 0 . 0 5 6 1 1 3 0 . 0 8 2 6 4 5
0 . 6 7 7 5 0 . 0 4 5 9 2 8 0 . 1 0 4 5 9 7
0 . 7 1 5 0 . 0 3 6 4 4 7 0 . 1 2 9 1 3 2
0 . 7 5 2 5 0 . 0 2 7 7 2 6 0 . 1 5 6 2 5
0 . 7 9 0 . 0 1 9 8 3 9 0 . 1 8 5 9 5
0 . 8 2 7 5 0 . 0 1 2 8 8 6 0 . 2 1 8 2 3 3
0 . 8 6 5 0 . 0 0 7 0 1 4 0 . 2 5 3 0 9 9
0 . 9 0 2 5 0 . 0 0 2 4 8 0 . 2 9 0 5 4 8
0 . 9 4 0 . 0 . 3 3 0 5 7 9
1 0 . 0 . 4
** ==== == == == === -  INITIAL CONDITIONS = = = = = = = = = = = = = = = = = = = = = =
♦ i n i t i a l
. 2 5 6 3 E + 0 2  
. 2 7 4 7 E + 0 2  
. 2 9 1 8 E + 0 2  
. 3 0 4 9 E + 0 2  
. 1 0 0 0 E + 0 1  
. 1 0 0 0 E + 0 1
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♦♦ A u t o m a t i c  s t a t i c  v e r t i c a l  e q u i l i b r i u m -  v e r t i c a l - o n  -  r e f p r e s = 7 5  p s i  r e f e r e n c e  p r e s s u r e  
♦♦ p s t e p = 3  v e r t i c a l  e q u i l i b r i u m  i s  d o n e  w i t h  3 t i m e s t e p s  w i t h  z e r o  s o u r c e s  a n d  s i n k s ,  
♦ v e r t i c a l  * on  ♦ p s t e p  3 ♦ r e f p r e s  6 4 4 0  ♦ r e f d e p t h  8 2 0 5  * r e f b l o c k  1 1 1
*SW * c o n  0 . 4 5  
*SO * c o n  0 . 5 5
S o  b y  d i f f e r e n c e ,  s i n c e  Sg  = 0 
* i n i t i a l  g a s  s a t u r a t i o n  i s  0 . 0 0
♦ t e m p  ♦ c o n  2 1 0 .
♦♦  1 2 3  4 5 6 7 8 9  10  11
♦♦ ' H 20 '  ' C21+ '  ' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 '  ' CH4' ' C 0 2 '  ' N 2 '  ' H 2 S ' ' S 0 3 '  ' 0 2 '
♦ m o l e f r a c  ♦ g a s  ♦ c o n  4 ^ 0 . 0  0 . 0 0 0 1  0 . 9 9 9 9  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0
♦♦ I n i t i a l  p e t r o l e u m  p h a s e  f r a c t i o n  a r e : C 2 1 + = 0 . 3 5 8 7 5 5 4 8  C l l - 2 0 = 0 . 3 7 3 6 0 9 0 6
♦♦ C 6 - 1 0 = 0 . 1 9 2 9 3 2 9 2  C l - 5
♦♦ 1 2 3  4 5 6 7 8 9  10





= 0 . 0 7 4 7 0 2 5 5  
11  12  13
' 0 2 ' 'CO' 'COKE'
♦ m o l e f r a c  ^ o i l  ♦ c o n  0 . 0  0 . 0 4 2 1  0 . 0 9 1 6  0 . 1 0 4 0  0 . 2 2 6 3  0 . 5 0 7 2  0 . 0 2 4 2  0 . 0 0 4 6  0 . 0  0 . 0
**  ============== NUMERICAL CONTROL =====================
♦ n u m e r i c a l  ♦♦ A l l  t h e s e  c a n  b e  d e f a u l t e d .  The  d e f i n i t i o n s  
♦♦ h e r e  m a t c h  t h e  p r e v i o u s  d a t a .
♦ m a x s t e p s  1 25  ♦ n o r t h  10 ♦ n e w t o n c y c  29  ♦ i t e r m a x  12 0  
♦ u n r e l a x  - 1  
♦ p i v o t  ♦on  
♦ p v t o s c m a x  15
♦norm p r e s s  2 8 0  s a t u r  0 . 3 9  t e mp  25 0  
♦ c o n v e r g e
♦ p r e s s  4 . 3 5  
♦ s a t u r  0 . 0 4 9  
♦ t emp  1 . 7 9  
♦y  0 . 0 9  
♦x  0 . 0 9  
♦w 0 . 0 9  
♦ z o  0 . 0 4  
♦ z n c g  0 . 0 4  
♦ z a q  0 . 5  
♦ w e l l r e s  1 
♦ m a t b a l t o l  1
♦ r u n
♦♦ ============== RECURRENT DATA ======================
♦♦ P r o j e c t  s t a r t s  o n  z e r o  t i m e  a n d  d t w e l ,  t h e  s t a r t i n g  t i m e  s t e p  s i z e  i s  0 . 1  d a y s  
t i m e  0 d t w e l l  . 0 0 0 1
** 3
♦♦ 1 / 8  s y m m e t r y  e l e m e n t  o f  an  i n v e r t e d  n i n e - s p o t  p a t t e r n .  The  n e a r  a nd  t h e  f a r  p r o d u c e r s  h a v e  t h e  
♦♦ s am e  p h y s i c a l  d e s c r i p t i o n  a nd  o p e r a t i n g  c o n d i t i o n s ,  e x c e p t  f r a c = 0 . 2 5  f o r  t h e  n e a r a n d  f r a c = 0 . 1 2 5  
♦♦ f o r  t h e  f a r  p r o d u c e r s  ( w e l l  r a t e s  a nd  i n d i c e s  a r e  ' f r a c '  f r a c t i o n  o f  t h e  w e l l  d a t a )
♦♦ WELL 1 'UPDIP INJECTOR' VERT 2 0 1  ♦♦ O O O f
WELL 1 'UPDIP INJECTOR'
it it
GEOMETRY ♦K 
INJECTOR m o b w e i g h t  1 
OPERATE MAX g a s  1 5 0 0 0 0 0 . 0  
OPERATE MAX bhp  6 4 6 0  
* *
* *
0 . 3 7 5
RAD
0 . 2 4 9
GEOFAC WFRAC SKIN
1 . 0 0 . 0
♦♦ Maximum Gas I n j e c t i o n  R a t e  4 1 5  - 1 1 2 , 0 0 0  SCF/Day
1 2 
'H20' 'C21+' 
INCOMP GAS 6 ^ 0 .
♦♦ Maximum I n j e c t i o n  B o t t o m  H o l e  P r e s s u r e  6 4 5 5  
5 6 7 8 9 10  11
' C l l - 2 0 '  ' C 6 - 1 0 '  ' C 2 - 5 ' FCH4 ‘
TINJOV 3 0 0  
♦♦ PERFV ♦GEO 1 
★ *
g e o m e t r y  - 1 0  0 
♦♦ p e r f r g  g e o  
PERF GEO 1 
* *
' C 0 2 ' ' N 2 ' ' H 2S ' ' S 0 3 ' ' 0 2 '  
0 . 0  0 . 7 9  0 . 0  0 . 0  0 . 2 1
♦♦ A i r  i n j e c t i o n  21% 0 2  
♦♦ I n j e c t i o n  Gas  T e m p e r a t u r e  300
6 4 5 0  p s i  
12  13
'CO' 'COKE' 
0 . 0  
79% N2




1 6 : 2 0  ] 
1 6 : 2 0
♦♦ U s e  t u b e - e n d  o p t i o n
f f i r  j r  k r w i  = 0 . 0 0 7 0 8 2  ♦k ♦ h  /  l n ( 0 . 5  ♦ r e  /  rw)
1 1 WB ♦ ♦ 2 4 1 . 3
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OPERATE MAX l i q u i d  1125
0 .3 7 5
RAD
0 .2 4 9
★ ★
GEOFAC





OPERATE MIN bhp 















0 . 0 1
9 2 .0 0
3 6 5 .2 5
5 4 7 .9 0
7 3 0 .5 0
1 0 9 5 .7 5  
1 4 6 1 .
1 8 2 6 .2 5  
2 1 9 1 .5
2 5 5 6 .7 5  
2 9 22 .
3 2 8 7 .2 5  
3650 s t o p
6400
s h u t in
3 :4
** Maximum L iq u id  R a te  1125 B/D e q u iv a le n t  t o  3000 B/D  
** Minimum BHP 6 4 2 0 - 6430 p s i  
** Maximum WOR=9:l o r  w a t e r - c u t  90%
** k C o m p letio n  I n t e r v a l  a t  t h e  B ottom  L a y ers
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A IR  INJECTIO N IN TO  W ATERFLO O DED L IG H T O IL  RESERVOIRS
T J Young, J Tingas, A T Sager, S El-Usta, M  Greaves and R R Rathbone
Improved Oil Recovery Research Group, School o f  Chemical Engineering, University o f  Bath, Bath BA2 7AY, UK
Analysis based on the phase behaviour o f selected light oil pseudo-components have been 
used to simulate combustion tube experiments. 1-D comparative reservoir simulation 
studies have been conducted to evaluate the displacement characteristics o f air 
injection/in situ combustion processes in high pressure volatile-oil reservoirs. The 
numerical simulations have been performed using Computer Modelling Group’s fully 
implicit thermal, reservoir simulator ‘ STARS’ . Combustion tube experiments have been 
designed to determine the nature o f the propagating combustion front and the resulting 
dynamic reaction process behaviour typical o f light oil under North Sea reservoir 
conditions.
INTRODUCTION
Improved oil recovery ( IOR ) is the term used to describe the rapidly advancing technology aimed at recovering the 
60% or more o f oil left behind by conventional production methods. A ir injection is a promising IOR technique to 
generate suitable gases insitu (low temperature oxidation process), such as nitrogen for GSGI, WAG, etc, and also as a 
more advanced Enhanced Oil Recovery (EOR) process with considerable potential to recover both heavy and light 
crude oils(l,2). This requires detailed understanding o f the interacting subprocesses involved: distillation, steamflood, 
CO2 drive, etc, and most importantly, the precise fuel mechanism-combustion path. The high temperature oxidation or 
insitu combustion process involves the propagation o f a burning front in a reservoir by injecting air down a well and 
burning a small proportion o f the oil in place(3). The combustion front not only sweeps out the reservoir but can also 
produce significant upgrading o f the oil due to thermal cracking(4).
It is generally thought that a light oil is fuel deficient, i.e. lacking in heavy ends needed for fuel laydown. This is 
probably true in certain cases i f  viewed simply from its low pressure characteristics. However, at the high pressures and 
temperatures prevailing in North Sea reservoirs the oil can auto-ignite. This auto-ignition phenomenon can cause a 
localised combustion state in the reservoir, so that the combustion front ‘jumps’ or ‘skips’ to the next fuel location 
downstream when available fuel is exhausted or becomes insufficient to sustain combustion. In this way an overall 
stable combustion front will result.
One o f the principal items o f equipment used to investigate this behaviour is the combustion tube reactor, the 
importance o f which has recently been noted by Farouq Ali(5). This tube is packed with oil and sand to simulate a 1-D 
section in a reservoir. The thin wall reduces axial heat conduction and allows heaters along the length o f the tube to 
counteract the effects o f radial heat loss. A ir is injected at the top end o f the vertically inclined tube, and the sand pack 
ignited. The produced oil and gases are collected and analysed at the other end.
The object o f this study is to examine the feasibility o f air injection processes in North Sea type, high pressure, 
volatile-oil reservoirs and investigate the sensitivity o f oil recovery performance to various parameters especially the 
method o f combustion front propagation which to controls the process efficiency.
EQUIPMENT
A basic diagram o f the apparatus can be seen in Figure 1 and consists o f four main sections: i) the oxygen/nitrogen 
injection, ii) the combustion tube reactor, iii) separation o f the produced oil and gases and iv) the sampling and analysis 
o f these. A  brief description o f this is given below.
The injection gas flow is controlled by high pressure air-activated precision pressure regulators (PPRV1-PPRV3). The 
precise composition of the injection gas is determined by two mass flow controllers (LMF1-LMF2). The combustion 
tube reactor is a cylindrical tube 0. lm in diameter, 1.25m long and 1mm thick, constructed from Inconel 625. The tube 
is surrounded with 32 circular band heaters, essential to mimic, as closely as possible, the adiabatic conditions present 
in a reservoir (6). An electrical igniter is positioned on the surface of the sand pack at the top end of the tube to initiate
combustion. Along the central axis o f the tube, a thermocouple well is used to monitor the sand pack temperature at
32 locations along the entire length o f the tube. When this is positioned correctly these thermocouples correspond to
the 32 thermocouples located on the tube wall, each one 
associated with its own band heater. The pressure shell into 
which the tube is placed is capable o f operating at up to 240 
bar. The annulus between the combustion tube and the shell 
is filled with high efficiency insulation. The pressure 
difference between the shell and tube is limited to about 2 bar 
to avoid failure o f the thin walled tube and is therefore be 
tightly controlled.
The separation of produced oil and gas takes place in 
two stages, first in the high pressure separator (HPS) 
followed by a second separation at 30bar in the low pressure 
separator (LPS). The pressure is controlled on the gas exit 
line by an air operated fine metering control valve 
(AOFMV). This not only controls the pressure for the HPS 
but also sets the back pressure (or "reservoir" pressure) on 
the combustion tube reactor.
The oil product from the low pressure separator is 
collected by a rotating sampler. The gas product from the 
high and low pressure separators are analysed for oxygen, carbon dioxide and carbon monoxide concentrations. Further 
component analysis is performed by a gas chromatograph. All the gas product is then passed through a wet test meter 
to complete the mass balance for the system.
The system operation requires advanced hardware to handle over 200 input/output channels to control the facility. 
A PC based data acquisition system is used capable of sampling rates of 100kHz. Noise filtering and sample averaging 
lead to the acquisition of precise data. National Instruments’ ’LabVTEW’ software allows a high level of user interaction 
with the apparatus. This means that control loops, for example, may be tuned on-line.
SIMULATION
Numerical simulation is used to study combustion tube experiments. A 1 -D numerical simulation is applied determining 
the experiment design parameters. Light oil combustion performance is quite different from that of heavy oil. K-values 
may be used to describe the fluid phase behaviour in light oil thermal processes adequately but because of the 
increasing importance of the interaction between lighter hydrocarbons and flue gases in the oil phase of more volatile 
oil, a compositional Equation of State approach is preferable. The correct lumping of the hydrocarbon components into 
pseudo-components is crucial in predicting this phase behaviour.
The combustion tube experiments have been successfully simulated using the fully implicit non-isothermal 
simulator ‘STARS’ (Computer Modelling Group). Three petroleum pseudo-components, CH4, C 2-C«s and C7 are used, 
representing the light, intermediate and heavy fractions respectively. The mole fractions o f these components have been 
chosen so that they are representative o f a typical volatile oil under North Sea conditions. ‘STARS’ has allowed 
improved pseudoisation procedures including C 02 and N2 as pure component entities, which are treated as gas 
components soluble in liquid hydrocarbons to simulate properly their solution drive mechanisms.
RESULTS & DISCUSSION
The STARS simulator has very good front tracking capability. The formation o f two displacement fronts is 
predicted. Firstly a high temperature front, just in front of the combustion zone followed by a low temperature front. 
This is demonstrated in the oil, water, gas saturation profiles along the tube in Figure 2. The formation of a low 
temperature front may be associated with near-miscibility gas drive conditions and flue gas stripping of the reservoir
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In one series of simulations carried out with a very low permeability sand pack it was observed that increasing air 
injection rates decreased the temperature of the combustion front. The low temperature front achieves more effective 
oil displacement and better flue gas stripping as the injection rate increases, which in turn reduces the amount of fuel 
available for combustion. This behaviour is different to that observed by other workers who used higher permeability
sand packs. In this case, an increase in air injection 
rate increases the combustion front temperature (7). 
This behaviour is very important for controlling the 
combustion front temperature. Thus, there may be a 
level o f reservoir permeability where the control o f 
the combustion front temperature is critical, and may 
give rise to a different air injection strategy.
Another important aspect of control involves 
establishing the method of combustion front 
propagation. It has been mentioned that in a light oil
reservoir at high pressure this can occur due to an
auto-ignition process. This ‘skipping’ or ‘jumping’ 
process of auto ignition is likely to take place over 
distances comparable to, or less than, the width of the 
combustion front (~3cm). Unfortunately axial 
temperature measurement along the combustion tube take place every 5cm and therefore this skipping process may not 
be observed. However, if the temperature at one point in the tube is recorded at a high rate while the combustion front 
passes, then a steep increase in gradient (compared to that normally expected due to the combustion of deposited coke)
should indicate a zone o f auto-ignition. Because the process is effectively random it may be difficult to measure.
However by carrying out this test at each axial thermocouple position in the tube as the combustion front moves along 
it, the comparison of these individual graphs over a number runs may be conclusive.
Yannimaras et al (7) noticed a different type of skipping in his experiments with light oil. In this case a high 
temperature combustion front could not be maintained because of lower oil saturations due to increased displacement. 
However, after a period of cooler combustion front propagation, sufficient fuel again became available for further high 
temperature combustion to take place. In this way the Combustion front appears to ‘skip’. This took place over a 
distance of about 0.7m.
CONCLUDING REMARKS
1. The STARS numerical simulator has been used to design two series of combustion tube experiments. One set uses 
‘Clair’ crude (W. Shetlands), a medium heavy oil, and the other uses ‘Forties’ as a light crude oil. The combustion tube 
tests will focus on the effect o f air flux at high pressures, up to 200bar, and look closely at determining the exact 
method o f combustion front propagation.
2. Further simulations are to be performed on the effect of permeability in light oil high pressure reservoirs.
3. History matching of the combustion tube tests will be used to construct a 2D model for reservoir ‘scoping’ trials 
screening the IOR potential of air injection.
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A b s trac t
Air injection may be an efficient EOR process 
for deep high-pressure light petroleum reser­
voirs, for example those found in the North Sea 
area. Based on phase behaviour analysis by a 
pseudo-compositional approach and combustion 
tube simulations, comparative reservoir simula­
tion studies have been conducted to evaluate the 
potential and displacement characteristics of 
processes in high-pressure, volatile light petro­
leum reservoirs.
The primary objective of the study is to examine 
the feasibility of in-situ combustion processes in 
North Sea type high-pressure, volatile light oil 
reservoirs. The reservoir operational parameters 
have been optimized, and the results of this 
study are useful for screening of EOR processes, 
as well as the design and interpretation of in-situ 
combustion projects.
A simulation study has examined the sensitivi­
ties of important in-situ combustion parameters 
on a field scale. Variations in well pattern size, 
air injection rates and injection fluid (air, O2 ,
CO2 , N2  ) were also examined. Techniques 
were devised to model the combustion process in 
a large field-size grid. Results from areal and 
cross-sectional models were combined to obtain 
a three-dimensional analysis of the fire flood 
performance for various well patterns.
Simulation runs revealed combustion front ex­
tinction problems due to large grid block size 
expected for well spacing higher than 2.5 acres 
also with kinetic controlled field scale models. 
Extinction of the combustion front significantly 
reduces predicted areal sweep and oil recovery, 
resulting in shorter project lifetimes. Kinetic 
controlled field scale models for well spacing 
lower than 2.5 acres can predict combustion 
front formation and vaporization of water and 
light petroleum components, when simulated 
with commercial simulators having about 200 
grid blocks.
The simulations also show that the vertical 
sweep efficiency is predominately controlled by 
the vertical permeability variation in the reser­
voir. The detailed simulation output showed 
that mass transfer between phases, oil vaporiza­
tion, cross flow between layers and heat loss to 
the adjacent formations are important processes 
in this thermal recovery process.
Front tracking and a thin flame technique are 
considered to be important for enhancing simu­
lation capability. The development of more ad­
vanced non-isothermal simulators with these 
capabilities will increase the reliability of air- 
flood simulation predictions in high pressure 
light petroleum reservoirs necessary to reveal 
higher recovery potential than predicted by cur­
rent simulation predictions.
The Improved Oil Recovery (IOR) potential 
performance of thermal IOR processes, such as 
air and oxygen injection in-situ combustion 
processes, is predicted the highest among the 
alternative options.
In tro d u c tio n
This paper presents the results of a theoretical 
simulation investigation of air injection sup­
ported in-situ combustion in a representative 
water flooded, light petroleum, high pressure 
North Sea reservoir, using STARS. (Computer 
Modelling Group, (1 )) Methods to optimize in­
situ combustion performance in high pressured 
reservoirs are evaluated numerically. This 
study is complementary to previous studies in 
which the effects of air injection in deep high
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pressure light petroleum reservoirs and other 
thermal and non-th£rmal EOR processes have 
been investigated (9,10,11,12).
The applicability to high pressure light petro­
leum reservoirs o f known reservoir simulation 
techniques applied in heavy petroleum reservoirs 
is examined. The objectives of this study were to 
investigate numerically the potential of in-situ 
combustion to displace oil at conditions typical 
of waterflooded North Sea reservoirs, and to 
investigate the sensitivity of oil recovery per­
formance to various process parameters. A l­
though engineering, safety and economics as­
pects w ill ultimately determine the viability of 
such projects, these aspects have not been con­
sidered.
The more common role of thermal recovery 
methods is for producing heavy petroleum reser­
voirs, but they have also been considered as an 
EOR technique in light oil reservoirs. In-situ 
combustion has been used in both the USA and 
Canada to enhance recovery from water-flooded 
light oil reservoirs. (13,14,15) Significant vol­
umes of incremental hydrocarbon volumes re­
covered, including the contribution from chase 
waterflooding following termination of combus­
tion. (16,17)
A ir injection techniques have received renewed 
interest for IOR in high pressure light petroleum 
reservoirs, most notably AMOCO in the West 
Hackberry Field, Louisiana, KOCH in Medicine 
Pole Hills Unit, North Dakota and Buffalo,
South Dakota. (9,13,15) Christopher and Yan­
nimaras of Amoco have used accelerating rate 
calorimetry (ARC) to screen light petroleum 
reservoirs for continuous exothermicity. (11) In 
general, for light oils 2 0 % are good candidates 
for propagating fu ll ISC.
High pressure thermal processes in light petro­
leum reservoirs are dominated by extensive mass 
transfer between the phases. High saturation 
changes result in slower convergence and nu­
merical stability problems compared with heavy 
oil processes. The lighter the reservoir oil, the 
slower the convergence and higher numerical 
instability.
A simulation model for a typical North Sea res­
ervoir is initialized for unflooded and water 
flooded conditions. The in-situ combustion po­
tential of water flooded reservoirs is studied by 
simulating post-water flood in-situ combustion 
processes from a restart file o f waterflood. Im­
plementation of in-situ combustion without wa­
ter flood from the field production start-up is 
also examined, and the numerical simulation 
results are compared.
The minimum Improved Oil Recovery (IOR) 
potential for in-situ combustion processes is de­
termined by reference to isothermal N2 and
CO2 injection simulation prediction cases under
similar operating conditions. Sensitivity studies 
to key parameter variations for air injection in 
high pressure light petroleum reservoirs are 
made using the CMG ‘STARS’ non-isothermal 
simulator. The sensitivity parameters are block 
size, injection flu id type, number of reactions, 
activation energy, reaction constant, and injec­
tion rate. The model parameters were optimized 
to give a balance of accuracy and economy satis­
factory for the study o f the reservoir.
The simulation runs have shown that there is 
potential to displace residual petroleum by air 
injection in high pressure light petroleum reser­
voirs. However, the f thick pay zone and large 
well spacing typical o f the North Sea, gravity 
segregation of water and oxygen are problems. 
This results in near dry combustion towards the 
top of the pay and partially quenched combus­
tion lower down, with a strong tendency for the 
combustion-front to override. Practical consid­
erations such as well spacing, pattern configu­
ration and injection and production well specifi­
cations comprise the operational parameters. 
The reservoir and operational sensitivity pa­
rameters were studied and the results were ex­
amined with the optimized model parameters. 
In order to reduce the computing cost in three- 
dimensional simulation problem the decoupled 
areal and vertical cross-sectional sweep effi­
ciencies were computed separately and then re­
combined consistently.
Conceptual Model for North Sea Reser­
voir
A ir injection in high pressure light petroleum 
reservoirs w ill be potentially applicable, when­
ever nitrogen injection is beneficial. Isothermal 
nitrogen injection can be used to appraise the 
minimum of air injection requirements. 
Evaluation of the upside potential of air injec­
tion from thermal recovery mechanisms is 
combined with N2 and C02 miscible gas dis­
placement mechanisms and vaporization drive. 
These processes require non-isothermal simula­
tion techniques. Simulation of the reservoir
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displacement and recovery mechanisms without 
front tracking capabilities is not sufficient to 
provide the maximum potential of high pressure 
light petroleum reservoirs.
Reservoir Simulation Model 
- Initialization Procedures.
Reservoir initial conditions, before production 
start-up and water flooding, typical o f a homo­
geneous North Sea reservoir, are used for the 
initialization of the simulation model. The in i­
tial pressure distribution in the reservoir simu­
lation models is initialized according to gravity 
head, assuming zero capillary pressure. The 
depth of the formation top pay is 3180m(10305
ft), the reservoir temperature is 99°C (210 °F) 
and reservoir pressure is 44.402 MPa (6440 
psia). The initial oil saturation is 6 6 % with an 
initial water saturation of 34%.
The predicted reservoir pressure at the end of 
the waterflood remains unchanged due to the 
pressure maintenance provided by the water 
flood. Residual oil saturation for a water-oil 
system is assumed to be 15% and 10% for gas- 
oil system. Restart files are used for postwater- 
flood prediction runs. The simulation model is 
initialized with 180 active cells representing 
l / 8 th o f a 9-spot pattern. The oil composition 
is represented as a 9 component mixture.
Simulation Grid
One of the most critical tasks for the petroleum 
engineer is to choose a grid system for simulat­
ing a process. Nowhere is the trade-off between 
cost and acceptable accuracy so crucial and nec­
essary, as it is in the case of high pressure light 
petroleum ISC simulation. There are ten conser­
vation equations (water, CH4 , Cj-C^  light pe­
troleum, C j+  heavier petroleum, coke, CO2 ,
CO, N 2  inert gas, oxygen and energy) to be
solved at each node, and the computer time re­
quired to complete a simulation rises rapidly as 
the total number o f the simulation grid blocks 
and components increases. Therefore, it is nec­
essary to use a simulation grid with as few 
gridblocks as possible, which provides suffi­
ciently accurate results. The main concerns are 
the effects of grid block size in numerical dis­
persion and grid type in grid orientation.
A one-eighth symmetric element o f an infinite 
nine-spot or seven spot pattern was used as the
basis for the geometrical calculations. The ob­
jective is to simulate a reservoir pattern using 
the minimum number of grids 'and having a
total area from 1 acre (4,047 m2) to 120 acres
(485,664 m2). It was assumed that the reservoir 
was developed on a repeated pattern with a typi­
cal North Sea well spacing up to 120 acres/well. 
A 3D Cartesian grid (9*5*4) is used with 180 
active cells having four layers for an 80 ft pay 
thickness. The divisions are finer at the forma­
tion top in order to achieve a better representa­
tion of gravity override. The use of these grids 
may allow areal and vertical effects to be sepa­
rated and also alleviates the grid orientation 
problem. The distance between the injector and 
producer is assumed to be about 1,500 ft 
(500m).
For flooding processes in which the primaiy 
flow early in the project is radial outwards from 
an injection well, cylindrical grids can be very 
successful in minimizing grid orientation. A 
hybrid grid can be introduced to provide grid 
refinement in well areas and in the combustion 
front.
DATA BASE
Simulation Model- Reservoir Data.
The reservoir model was not of a specific site 
but represented a typical North Sea light petro­
leum high pressure pay zone. Basic reservoir 
properties were based on published North Sea 
data. The initial pressure was 6440 psi, initial 
temperature was 210°F and the initial water and 
oil saturations were 34% and 6 6 % for an un­
flooded reservoir. Restart files were used for 
water flooded reservoirs.
The well configuration was a repeated nine- spot 
pattern. The basic reservoir pattern used to op­
timize the model parameters was one-eighth of 
125 acre nine-spot pattern with 80 ft pay thick­
ness and 23% porosity.
The producing wells at the edge and corner of 
the symmetry element are each operated with 
bottom hole pressure control. The injection well 
is also operated by bottom hole control. Each 
producer was shut in automatically when the 
oxygen concentration in the wellbore reached 
1%, representing breakthrough. Normally 
breakthrough to the edge well caused it to be 
shut in, and the subsequent breakthrough at the
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comer well terminated the run after a long pro­
duction period.
For the 80 ft pay cases the air rate for the entire 
pattern was increased steadily for a short period, 
after which the rate was held constant. Other 
injection scenarios (at 100°F) included oxygen, 
CO2  and nitrogen.
Rock Properties.
The reservoir is considered to be homogeneous. 
Porosity of all layers is constant at 0.23 
(fraction). Constant horizontal permeability 
values in the range 60 to 500 md have investi­
gated. The vertical to horizontal permeability 
ratio was ky/k^O.5 (high) k y /k ^O .l (low)
which is representative of a number of stratified 
reservoirs. The vertical to horizontal permeabil­
ity ratio was used to study the parametric sensi­
tivity o f reservoir gravity particularly as it af­
fects override of the gas phase.
Initial Oil Saturation.
The residual oil saturation at the beginning of a 
po'Stwaterflood combustion flood is calculated 
analytically and numerically and restart files are 
generated. Numerical evaluation o f oil satura­
tion at the end of water flooding provides the 
saturation distributions for numerical simulation 
of a postwaterflood combustion flood.
The initial oil saturation is assumed to be 6 6 % 
and the irreducible water saturation 45%. Re­
sidual oil saturation for a water and oil system is 
assumed to be 15% and 10% for gas and oil 
system respectively. The saturations in an un­
flooded reservoir are summarized in Table 1.
Gas saturation at the end of the water flood re­
mains zero as a result o f water flood and pro­
duction above the bubble point.
Relative Permeability and Capillary Pressure 
Data.
The compressibility o f the reservoir rock is as­
sumed to be 7.3* 10"7 Kpa‘ * (5* 10"^ psia"*).
The thermal expansion of the rock and the capil­
lary pressure were assumed to be zero. The rock
was assigned a heat capacity of 35 Btu/ft^'F and 
a thermal conductivity of 24 Btu/ft-day-R.
No temperature dependence of relative perme­
ability or capillary pressure is used in the simu­
lation runs. It is also assumed that there is no 
effect o f hysteresis on relative permeability. The 
interstitial water saturation equals the irreduci­
ble water saturation, Sjw=Swjr=0.45. The re­
sidual oil saturation for the water and oil system 
is Sorw=0.15 and the residual oil saturation for 
the gas and oil system is Sorg=0.10 and the 
critical gas saturation, Sgc=0.06 
Final relative permeability values can be deter­
mined from history matching combustion tube 
experiment recovery, oxygen consumption and 
flue gas breakthrough.
Reservoir Fluid Properties.
Three hydrocarbon pseudo-components CH4 ,
C2 -C5 , and C7 + Vvere chosen, representing gas,
light and heavier hydrocarbon fractions respec­
tively. The mole fractions of these components 
have been chosen so that the bubble point pres­
sure and GOR are representative o f a typical 
volatile light oil under North Sea conditions. 
Improved pseudoisation procedures included 
CO2  and N2  as pure component entities, and are
treated as gas components soluble in the liquid 
hydrocarbon phase in order to simulate their 
solution drive. Aqueous phases at critical and 
near critical conditions have been studied to 
evaluate the effect o f miscible steam displace­
ment.
A compositional approach based on an equation 
of state is used with component parameters pre­
sented in the Appendix B, and C. However, the 
significant number of the components involved 
and the related extensive numerical effort in 
reservoir simulation makes a fully compositional 
approach impractical. Instead a pseudo­
component approach is used, where hydrocarbon 
components are grouped into pseudo compo­
nents to achieve acceptable accuracy and rea­
sonable numerical effort (8 ). The method for 
selection of pseudo components and averaging 
equation of state (EOS) parameters have been 
tested with good results.
Two typical North Sea petroleum compositions 
are defined:
1. Near Critical Petroleum Fluid 'A'
TABLE 1 
UNFLOODED RESERVOIR
Soi, Initial Oil Saturation 0.66
Sgi, Initial Gas Saturation 0.00
Swi, Initial Water Saturation 0.34
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2. Petroleum Fluid 'B'
Properties o f  Chemical Components
The specific gravity of the heavy fraction was
taken to be 0.797 corresponding to 46° API 
gravity, and a molecular weight o f 209.5 was 
calculated. The H/C ratio was assumed to be 
1.65. The critical properties, thermal expan­
sion, liquid compressibility, gas phase heat ca­
pacities and heats of vaporization were calcu­
lated from the molecular weight, critical tem­
perature and pressure and the acentric factor, co, 
o f each fraction.
The heats of vaporization were 
adjusted to give more realistic liquid heat ca­
pacities, and a more accurate gas heat capacity 
was obtained for the light fraction from the lit ­
erature. The properties of the water, oxygen, 
CO2 , CO, and the inert gas N2 , were standard.
Water thermal properties are specified in the 
simulator.
The Choice o f  Components
Compositional model was initialized using the 
STARSf simulator for aqueous, solid coke, liquid 
and gas hydrocarbon phases. In the majority o f 
the calculations, nine components were used; 
namely:
• water,
• a heavy oil component, C7 +
• a volatile light oil component, C2 -C5 ,
(The above are allowed to partition between 
their respective liquid and gaseous phases)
• Methane gas (soluble into the oleic phase),
• carbon dioxide (soluble into the oleic phase),
• carbon monoxide (insoluble into the oleic 
phase),
• Oxygen (insoluble into the oleic phase),
• Nitrogen, an inert gas. (soluble into the oleic 
phase)
• Coke, as solid phase component.
The pseudo-components used to model the hy­
drocarbons were similar to those used in the 
combustion tube simulations. Reservoir fluid 
characterization is expected to improve conver­
gence and numerical stability with four or more 
hydrocarbon pseudo-components, for example 
CH4 , C2 -C5 , Cg-CjQ. and C n + , and conse­
quently to reduce the required computer CPU 
time.
Phases and Pseudo-components.
A petroleum gas component, such as CH4 , is
necessary to accurately characterize light oil 
behaviour, especially when it appears in high 
concentration. The C7 + petroleum fraction is
sufficient to represent the heavy component. 
Accurate fluid characterization requires CO2
and CH4  to be included as components because
'Of their important role in phase distribution 
phenomena and displacement mechanisms. 
The two air components, N 2  and O2 , are intro­
duced because o f the different role in combus­
tion reactions and displacement mechanisms. 
Finally, carbon monoxide, CO, can be included 
as a separate component, due to its reactivity 
with oxygen, O2 , burning to carbon dioxide,
CO2 . This approach ayoids using an alternative 
pseudo-component and consisting of N2  (an 
inert gas) and CO (a reactive gas). By introduc­
ing CO as an additional component, chemical 
reaction kinetics and stoichiometry are accu­
rately and efficiently characterized in two oxi­
dation stages by a smaller number of chemical 
reactions and parameters. More effective his­
tory matching o f the CO2 /CO ratio is possible
with CO2  and CO as two separate gas compo­
nents using the chemical reaction constants as 
the adjustment.
Detailed pseudo-component properties and cal­
culated volumes with one stage separation gas 
liquid’ compositions are given in Appendix D 
andE.
CO2 , CO and N 2  Phase Behaviour
The reservoir pressure is above the CO2  mini­
mum miscibility pressure in the deep high pres­
sure light petroleum reservoir simulation stud­
ies. Thus, at favourable reservoir conditions, i f  
the CO2 contacts the oil, the two would be mis- 
cible. However, the CO2  may gravity segregate
and override, such that very little o f the oil is 
contacted. Both of these possibilities have been 
investigated. The sensitivity of the predictions to 
varying proportions of water CO2 , N2 , and oxy­
gen injected has also been investigated.
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In all cases it was assumed that a percentage of 
the gas produced by combustion was carbon 
monoxide, which is not miscible with the oil. In 
the miscible CO2  cases, the partition coefficient
(K-value) for CO j was treated as a function of
the temperature and pressure. Solubility is re­
duced dramatically at higher temperatures, al­
though CO2  and oil would be miscible at reser­
voir temperature. This is modelled with higher 
calculated K-values above 690 °F and low K-
values at 210 °F, the reservoir temperature.
This ensures that the CO2  is in the vapour phase
in the hot combustion region, but dissolves fully 
into the oil in the relatively cool region ahead of 
the front. For cases in which it was assumed that 
the CO2  overrides the oil, the specific CO2
component from the hot combustion region m i­
grates to the formation top due to gravity forces, 
where lower temperatures prevail and there is 
little or no oil for miscibility to occur.
A similar approach is followed for nitrogen, the 
inert gas component. The minimum miscibility 
pressure for N2  is lower than the operating pres­
sure at reservoir temperature in the deep high 
pressure light petroleum reservoir simulation 
studies. However, the N2  may gravity segregate
and override such that very little o f the oil is 
contacted. Considering the calculated K-values, 
which are function o f pressure and temperature, 
N2  is in the vapour phase in the hot combustion
region, but dissolves into the oil in the relatively 
cool region ahead o f the front.
Numerical instability and convergence problems 
have been experienced around the miscibility 
pressure region. Front tracking techniques are 
necessary for appropriate phase behaviour 
simulation of the N2  and CO2  gases participat­
ing in miscible displacement mechanisms.
Phase Equilibrium Data (K-Values).
Light oil combustion processes at high pressure 
are quite different from heavy oil, low pressure 
in-situ combustion processes. The adequacy of 
the fluid phase PVT package within a thermal 
simulator is severely tested in high pressure 
light petroleum thermal processes. Three poten­
tial solutions for the fluid phase package are 
proposed;
1. K-values that are functions of pressure and 
temperature only;
2 . K-values that are functions of pressure and 
temperature and composition;
3. A compositional Equation of State (EOS) 
approach.
The K j values o f the pseudo-components have 
been calculated. The equilibrium ratios, Kj,
which indicate the partitioning of pseudo­
component liquid and gas phases have been cal­
culated using Wilson's and Standing's correla­
tions and via an EOS. The equilibrium ratios, 
K j, are not a function of the pressure and tem­
perature alone, but also a function of the com­
position of the hydrocarbon mixture. Wilson's 
correlation is a simplified thermodynamic ex­
pression for estimating K  values and generates 
reasonable values for equilibrium ratios when 
applied at low pressures. Standing's correlation 
is accurate for a wider range of pressures. Cal­
culation of the equilibrium ratios, K j, based on
an EOS is the appropriate for simulation of high 
pressure light petroleum reservoirs.
Because o f the increasing importance of the in­
teraction between flue gases and lighter hydro­
carbon components in the liquid hydrocarbon 
phase of volatile petroleum, a compositional 
Equation of State (EOS) approach is preferable. 
Correct lumping of the hydrocarbon components 
into pseudo-components is crucial in predicting 
the hydrocarbon phase behaviour in light petro­
leum thermal IOR processes.
Whenever the process description includes a 
volatile light hydrocarbon component, conver­
gence difficulties may arise i f  the volatile com­
ponent's K-values are both large and inconsis­
tent with its critical properties. The specifica­
tion of K-values, which increases with increas­
ing pressure, was avoided for solution gas and 
the volatile oil component. I f  a liquid hydrocar­
bon phase is characterized by only a small num­
ber of hydrocarbon components, then a K-value, 
which increases with pressure can result in the 
appearance o f gas from saturated oil as pressure 
increases at constant temperature. This physi­
cally unreasonable phenomenon can cause nu­
merical divergence and numerical instability, 
repeated extensive time step chopping in reser­
voir simulation, wasted computing cost and 
physically meaningless results. I f  the petroleum 
phase is comprised of more than one volatile 
component and K-value, then physical validity 
may exist and stable solutions may be obtained. 
An appropriate equation of state based model
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with properly chosen pseudo-components and 
parameters eliminates the problem of having 
reverse K-value pressure effect, that is increas­
ing with pressure.
Critical property values, Pcr and Tcr, are used
only in determining the gas phase compressibil­
ity factor, Z, from an equation of state. As pres­
sure and temperature vary, the equation of state 
employed in the determination of gas phase 
density may calculate liquid Z-factors oscillating 
between liquid and the gaseous phase, destroy­
ing convergence. Proper specification of critical 
property values, consistent with the K-values for 
the volatile hydrocarbon components, have 
eliminated convergence difficulties. More than 
two liquid hydrocarbon components, except the 
gas component, may be required to simulate the 
evaporation effect of crude oil accurately. 
Combustion tube experiments are designed to 
simulate the nature of the propagating combus­
tion front and the resulting dynamic reaction 
kinetics, at conditions closely approximating 
those in a reservoir. The results of the combus­
tion tube experiment design simulation runs are 
used to,determine process parameters by history 
matching the experimental results.
The component equilibrium K-values and the 
kinetics of cracking reactions are the most im­
portant parameters affecting the fuel deposition 
mechanism, and the fuel composition. The loca­
tions and sizes of the transient zones depend on 
the crude oil and reservoir rock properties. 
Simulation results are always more sensitive to 
the K-values of the light hydrocarbon compo­
nent but less sensitive to the K-values of the 
heavy hydrocarbon component.
Oil Viscosity.
The viscosity" of the oil component is given as a 
function of the temperature from liquid viscosity 
coefficients in Table 2:
TABLE 2 
LIQUID VISCOSITY COEFFICIENT




1 H 20 7.52E-03 1384,86
2 CH4 1.38E-01 114,14
3 C2-C6 1.89E-01 222,98
4 C7+ 5.99E-02 194,20
5 C 0 2 4,41 E-02 578,08
6 N2 1,41E-01 90,30
7 0  2 1, 89E-01 85,68
Other Reservoir Fluid properties.
The Compressibility is 7.3* 10'7 kP a '1 (5* KT6
psi'l). The coefficient of thermal expansion is
3.8*10-4 °R"1, the constant specific heat is 2.1
kJ/(kg*°K) or (0.5 Btu/lbm*°R. The average 
molecular weight is 130.13. Heat capacities and 
vaporization enthalpy are presented in Table 3.
Chemical Reactions
A direct oxidation scheme was employed with 
three reactions, one for each hydrocarbon com­
ponent. These chemical reactions include heavy
TABLE 3





CPG1 CPG2 CPG3 CPG4 HVR.Btu 
Ibmol R
1 H 20 7.70 2.55E-04 7.78E-07 -1,47E- 
10
1657




3 C2-C6 0,04 -3.14E-03 9.12E-10 1.37 1009
4 C7+ 0,20 -5.43E-05 6.33E-09 3,89 2333
5 C 02 4,73 9.74E-03 4.13E-06 7,03E-
10
991
6 N2 7,44 -1.80E-03 1.98E-06 -4.78E-
10
438
7 0 2 6,71 -4.88E-07 1.29E-06 -4.36E-
10
482
fraction cracking and heavy fraction, volatile 
light fraction, gas and coke burning. This ap­
proach allows heat production to be represented 
by burning amounts of oil and consuming 
amounts of oxygen, consistent with the combus­
tion tube experiments (if available) It would 
have been possible to use only an indirect 
chemical reaction scheme, involving a cracking 
reaction followed by coke combustion. However, 
with the large grid block sizes in the reservoir 
scale simulation, it is unrealistic to believe that 
this frontal process can be adequately modelled. 
The reactions derived for the three hydrocarbon- 
components were based on the stoichiometiy 
formulae in Table 4, which assumes a hydrogen 
to carbon ratio of 1.6. The CO/CO2  ratio, can be 
adjusted by matching chemical reaction kinetic 
parameters.
Chemical Reaction Stoichiometry.
Oil oxidation during air and oxygen injection 
involves numerous competing reactions occur­
ring over different temperature ranges. The 
stoichiometries were derived from balances for
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the hydrogen, carbon and oxygen separately. 
For a North Sea type deep high pressure light 
petroleum reservoir at 99 °C (2 1 0  °F) reservoir 
temperature, two chemical reaction schemes 
may be examined:
1. High and Medium Temperature Oxidation 
(HTO &  MTO) reactions, which are fuel forma­
tion reactions. Medium temperature (MTO), 
which are homogenous gas phase distillation 
and pyrolysis reactions and high temperature 
oxidation (HTO) heterogeneous fuel combustion 
reactions burning the fuel formed during MTO 
or burning hydrocarbons directly.
2. Low Temperature Oxidation (LTO) reactions, 
which are homogeneous, gas-liquid, and pro­
duce little or no carbon oxides, extending up to 
about 300 °C generating in-situ flue gas.
The enthalpy of reactions may be calculated 
from bond values and atomization energies, ac­
counting for the resonance energy when stabi­
lized compounds are involved, such as C5 H5 ,
CO2 , CO, etc. The reaction enthalpies from
bond values and atomization energies are useful 
and sufficient estimates for simulation data for 
combustion tube design and for field scale stud­
ies without combustion tube data. Calculated 
and modified values are presented in Table 5.
For the burning reactions the heat o f reaction 
was calculated and modified to be 2 0 ,0 0 0  
Btu/lbm of fuel (oil or coke). The cracking heat 
o f reaction was estimated to be 20 Btu/lbm, and 
was assumed equal to zero.
High and Medium Temperature Chemical Rea c- 
tion Stoichiometry.
It is assumed that a high temperature reaction 
scheme, i f  achievable, is the prevailing one. 
The following chemical reactions have been 
used in this chemical reaction scheme:
Chemical Reaction 1:
Cracking of heavy C7 + oil to light oil and coke: 
C7 + -> C2 -C6  + Coke 
Chemical Reaction 2:
Cracking of heavy C7 + oil to gas and coke:
C74 . —>■ CH4  + Coke 
Chemical Reaction 3:
Coke Burning:
Coke + O2  -> H2 O + CO + energy 
Chemical Reaction 4:
C74. Heavy O il Burning:
C7 + + O2  -> H2 O + CO + energy 
Chemical Reaction S:
C2 -Cg Light Oil Burning:
^ 2 " ^ 6  + ^ 2  ^ 2 ® + CO + energy
Chemical Reaction 6:
CH4  Gas burning:
CH4  + 3/2 O2  —> 2 H2 O + CO + energy 
Chemical Reaction 7:
CO burning:
CO + 1/2 O2  -> CO2  + energy
The chemical reaction stoichiometry is summa­
rized in Table 4. Various CO2 /CO ratios can be
achieved by matching observed CO2 /CO ratio
using the chemical reaction kinetic parameters 
as the matching parameters.
TABLE 4
IN-SITU COMBUSTION HIGH AND MEDIUM TEMPERATURE OXIDATION STOICHIOMETRY
1. HEAVY PETROLEUM C7+ CRACKING TO COKE & C2-C6
2. HEAVY PETROLEUM C7+ CRACKING TO COKE & CH4
3. COKE BURNING
4. C7+ PETROLEUM BURNING
5. C2-C6 LIGHT PETROLEUM BURNING
6. CH4G AS BURNING
7. CO BURNING
C14.j8H23.75 -> 0,20 C3.12Ha.51 + 13,75 C2H6 
C14.39H23.75 -> 0,20 C3.12Ha.51 + 13,75 CHi.a 
C1.0 H1.5 + 0.9 O2 —> 0,8 H2O + CO 
C14.39 H23.7S + 13,13 0 2 ->11,87 H20  + 14,3949 CO 
C3.11 Hg,51 + 3.68 0 2 -+ 4,25 H20  + 3,11 CO 
CH4 + 1.5 0 2 -> 2 H2O + CO 
__________________________ CO + 0.5 O2 -> CO2
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Chemical Reaction Kinetic Param eters.
High and Medium Temperature Chemical Re­
action Kinetics.
Kinetic controlled models with defined and 
modified Arrhenius rate parameters were used 
for field scale simulation, for well spacings be­
low 2.5 acres. Oxygen was assumed to react 
instantaneously with oil on contact in reactant 
controlled models. The reaction rate was made 
independent of the grid block temperature in the 
reactant controlled model by reducing the acti­
vation energies to zero (Table 5). Lower limit
burning zone temperature of 716 °F was used 
for chemical reaction kinetics. This lower 
burning zone temperature limit was used to en­
sure that there is vigorous combustion in the 
large grid blocks used in field scale simulation. 
High chemical reaction rates in reactant con­
trolled models lead to nearly complete oxygen 
utilization. Low concentrations of unbumed 
oxygen due to complete oxygen utilization 
caused numerical stability problems. An upper 
burning zone temperature limit was used to en­
sure that the reaction temperature, and hence, 
the reaction rates are controlled.
Each grid block is treated as a continuously 
stirred tank reactor and is connected to a num­
ber of its neighborhood blocks according to the 
spatial discretization scheme used. Combustion 
kinetics and thermodynamic relationships are 
imposed as local constraints within each cell. 
These relationships require many input parame­
ters, such as activation energy, frequency factor, 
reaction order, phase equilibrium constant, etc., 
which are either unobservable or very difficult to 
determine through routine laboratory experi­
ments. This is one source of difficulties in using 
a kinetic-based model.
It was necessary to establish a proper data base 
for the sensitivity study. Available data and 
literature references were used to characterize 
the light petroleum. Enthalpies of reaction cal­
culated from bond energies and combustion tube 
experiments will help further to determine an 
adequate reaction model. The methods and cor­
relations used to obtain the physical properties 
are discussed in detail.
The modified activation energy for the oil 
burning reactions was assumed to be 33,300 
Btu/ Ibmole, in close agreement with standard 
literature values. The coke burning activation 
energy was assumed to be 25,200 Btu/lbmole.
Cracking was allowed to proceed at steam tem­
peratures, followed by coke burning.
TABLE 5
ISC HTO &  M 'fO  KINETICS
R ENTHAL REACTION ACTIVATION ACTIVATION
E PY FREQUENCY ENERGY ENERGY
A in Kinetic in Reactant
C BTU Controlled Controlled





1 0 4.167E5 3.33E4 0
2 0 4.167E5 2.7E4 0
3 2.25E5 4.192E2 2.52E4 0
4 4.74E6 3.0E10 3.33E4 0
5 9.0E6 3.0E10 3.33E4 0
6 1.25E7 3.02E10 5.945E4 0
7 * • •
* Adjusted parameters for the CO2 /CO ratio.
M atching C om bu s tio n  Tube S im u la tion  
Data
Combustion tube tests fan be simulated using 
data of the same North Sea petroleum type but 
having the composition of the separator stabi­
lized oil without the light petroleum reservoir oil 
components. This approach is considered to be 
practical and sufficient for the characterization 
of the reservoir hydrocarbons..
The combustion tube can be simulated using 
grid block small enough to model the structure 
of the fire front. The temperature profiles are 
used to determine the combustion front location 
with time. The results from combustion tube 
experiments can be used to match field scale 
prediction runs by matching combustion front 
temperature and combustion gas composition.
Operating Conditions- Well M anagem ent 
Routines.
For the 1/8 9-spot pattern the well rates and in­
dices are defined as fractions. The values speci­
fied in the well data are 0.125 for the injector 
and the comer producer and 0.25 for the edge 
producer. An operational constrain of maxi­
mum injection pressure was defined for the in­
jector. Operational constraints for the producers 
are bottom hole pressure and maximum water 
cut 99%
Time Step S ize C on tro l.
Convergence criteria are defined. Automatic 
time step chopping is chosen by the simulator, if 
the convergence criteria have not been achieved. 
The method of repeated time step cuttings is
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used to achieve convergence in grid blocks cov­
ering the combustion front.
In early parts o f the simulation the changing 
combustion front geometry causes the pressure 
to increase significantly and then to decrease, so 
that the time step size was controlled mainly by 
pressure. Later on, they were controlled largely 
by the temperature changes as blocks were 
heated and then cooled.
Modifications for Field Scale Simulation
The front temperature is the result o f a balance 
of energy created by burning reactions, modified 
by temperature variations due to convection and 
conductive heat transfer to the adjacent forma­
tions. Excessive heat losses caused the combus­
tion front temperature to drop below the ignition 
temperature. Simple analytical heat-flow models 
have estimated the combustion front tempera­
tures resulting from various air flux rates and 
pay thicknesses. From these, minimum air flux 
rates necessary to sustain combustion are calcu­
lated. The assumptions of constant air injection 
rate and radial outflow, give the extinction ra­
dius, the distance from the injector at which 
these flux rates are obtained.
When a reservoir is discretized into blocks for 
simulation purposes, the grid block size has an 
effect on this analysis. A simple radial outflow 
geometry and analytical methods were used to 
reproduce simulation results. The maximum 
grid block temperature at the extinction radius is 
examined. The fine grid gives a value reasona­
bly close to the analytical value o f the combus­
tion front temperature, but the larger blocks for 
field scale simulation resulted in progressively 
lower temperatures.
For large grid blocks the block temperature cor­
responds to the average temperature in the block 
volume and not to the combustion front tempera­
ture. This can cause failure of the block to ig­
nite, that is the fire front extinguishes. Unreal- 
istically high heat losses prevent vaporization of 
residual oil at the front.
O il vapor pressure and viscosity were not ad­
justed. The heat loss parameters were adjusted 
to give higher maximum temperatures in burned 
blocks, to improve further water and oil vapori­
zation. The chemical reaction parameters for 
lower well density corresponding to well spacing 
higher than 2.5 acres were also modified for fire 
front extinction and oil vaporization ahead of 
the front.
The sensitivity o f oil recovery to well spacing 
depends critically upon the extinction of the in­
situ combustion front due to low air flux rates. 
The above procedure is not directly applicable 
for modelling the real extinction of a fire front 
since in the simulator burning must happen at 
low temperatures to ignite blocks, which should 
burn. The oil vapor pressures were not modified 
in the simulation studies for high well densities 
up to 2.5 acre well spacing. For lower well 
density the reaction rate parameters have been 
adjusted so that burning occurs for low block 
temperatures. Then the heat loss parameters 
(heat capacity and thermal conductivity of over­
burden) are lowered until the peak temperature 
obtained by a burning grid block is near the ex­
pected fire front temperature.
The activation energy has been reduced to zero, 
(Table 5) which implies that the combustion 
reactions are independent o f block temperatures. 
Lower limits o f burning zone temperature have 
been used in the calculation of reaction rates. 
This lower lim it has been used to ensure that 
there is vigorous cbmbustion in a field scale grid 
block independent o f the grid block average 
temperature. Upper lim it o f burning zone tem­
perature has also been used in the calculation of 
reaction rates. This upper lim it has been used to 
ensure that the reaction temperature and hence 
reaction rate does not increase at unrealistic 
high levels. The lower and upper limits have 
been based on combustion front temperatures 
from combustion tube experiments.
Even though the simulator cannot model the 
combustion front shape with the block size used, 
it does maintain the correct material and energy 
balances when combustion is taking place. It is 
these block-size balances that result in pressure 
changes, viscosity reduction and vaporization, 
which effect areal and vertical sweeps in the 
field studies. It is noteworthy that for these 
cases the extinction radius depends very weakly 
on pay thickness. This is because for a constant 
injection rate the additional energy available 
from the thicker burning zone is compensated by 
more heat loss from the slower front.
Numerical Stability.
Excessive time step cutting for convergence in 
combustion front grid blocks may be required 
especially for nearly critical light petroleum very 
close to the bubble point. In spite of excessive 
time step chopping, convergence is difficult for 
these conditions and numerical stability is un­
certain. An EOS compositional reservoir fluid 
characterization, front tracking and thin flame
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techniques used in reservoir simulation may 
improve numerical stability and reduce the re­
quirements for excessive time step chopping.
Reservoir simulation model 
divergence, repeated time step cutting, waste 
computational effort, and physically meaning­
less results may result from erroneous or unreal­
istic K-value data. Component K-values have 
therefore been carefully scrutinized to ensure 
that their pressure and temperature variances are 
both reasonable and an appropriate description 
of the phenomena involved.
Numerical diffusion can be an important source 
of inaccuracy in high pressure light petroleum 
reservoir simulation, particularly where the 
number o f grid blocks between wells is small. 
Control o f numerical diffusion is also important 
in high rate North Sea water floods and in com­
positional simulation. Accurate simulation of 
thermal Improved Oil Recovery (IOR) processes 
is very important for the design and appraisal of 
pilots and the prediction o f full-field perform­
ance. The most serious limitation on making 
predictions is the inability to simulate these 
processes with a sufficient number o f grid blocks 
to reduce the numerical dispersion to an accept­
able level.
SIMULATION RESULTS 
Injection Fluid Sensitivities 
Simulation studies were conducted with a vari­
ety o f flood injection fluids so that the air and 
oxygen supported in-situ combustion processes 
and the N j, CO2  floods could be compared on
the field scale. Steam injection for reservoir 
conditions o f deep high pressure light oil reser­
voirs is considered impractical. Flooding simu­
lation predictions were continued until the eco­
nomic lim it;' higher than 99% water cut or 
breakthrough at one of the producers. Because 
the time scale for this process is large and the 
formation behind the front is at high combustion 
front temperature, heat losses to the adjacent 
formations are a major-consideration. The heat 
loss parameters have been modified from their 
rock values in the prediction runs to match the 
peak temperature near the expected combustion 
front temperature.
The four-layer representation was adequate. 
The simulation results indicate that the perme­
ability variation override was dominating the 
vertical fluid distribution.
The oil recovered is proportioned to the amount 
of air or other fluids injected. A complicating 
factor was that the injection rate had to be con­
strained to reduce numerical stability.
The oil production rates show that there is a 
distinctive difference in behavior between the 
edge producer and comer producer.
Comparative Field Scale Simulation Predic­
tion Runs (Table 7 &  8 )
Water as the Injection Fluid - W ater Flood 
Water flooding in a homogeneous horizontal 
high pressure reservoir is simulated from the 
production start-up to the water flood economic 
limit. The last step file o f the simulation is the 
restart file for subsequent in-situ combustion 
prediction runs and Improved oil recovery (IOR) 
processes, such as CO2  and N2  floods.
High water flood light oil recovery reduces the 
potential post water flood air flood oil recovery. 
However, significant un-recovered light oil re­
serves remain in place to be recovered by a post 
water flood air flood.
CO2  as the Injection Fluid - CO2  Flood 
The isothermal CO2  flood prediction runs have 
been studied as means to evaluate the potential 
of this process in comparison to air flood and to 
reveal the impact on oil recovery of the CO2  gas
product o f the combustion reaction.
CO2  is soluble in the liquid hydrocarbon and the
aqueous phase. Significant CO2  volumes may be 
dissolved in H2 O at high water saturations, de­
laying the beneficial effects of miscible oil dis­
placement by CO2 .
The comparisons o f the simulation prediction 
results o f CO2  flood in an unflooded reservoir 
versus water flood indicate that a post water 
flood CO2  flood is preferable. Water flood in 
high pressure deep light oil reservoir and post 
water flood CO2  flood w ill provide accelerated
incremental production of some incremental oil 
recovery and lower overall cost. However, the 
predicted CO2 flood oil recovery from unflooded 
reservoirs is lower in comparison against the 
predicted oil recovery by in-situ combustion in 
unflooded reservoirs.
609
12 Field Scale Simulation Study of In-Situ Combustion in High Pressure Light Oil Reservoirs
SPE 35395
N2 as the Injection F lu id  - Flood
Nitrogen injection is considered as conservative 
minimum performance prediction for in-situ 
combustion processes taking into the gas dis­
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Figure 1 Air Injection Supported In-Situ Com­
bustion - Temperature Profiles
flood recovery in the same time period. Water 
production is predicted to be lower than for a 
water flooded reservoir. Similar recoveries are 
predicted for the hydrocarbon components.
A ir  as the Injection F lu id  - A ir  Flood
Light oil recovery by in-situ combustion in an 
unflooded reservoir at the same level as the wa­
ter flood recovery requires a longer production 
period. Water production is predicted lower 
than in the water flooded reservoir case. Minor 
recovery differences are predicted for the oij 
components. The air injection rate had to be 
constrained to reduce numerical instability.
The comparisons of the simulation prediction 
results of In-situ combustion in an unflooded 
reservoir versus water flood indicate that a post 
water flood air flood is preferable. Air injection 
in unflooded reservoirs is more attractive for 
lower well density. Water flood in high pressure 
deep light oil reservoir followed by post water 
flood air flood will provide accelerated produc­
tion some incremental oil recovery.
Oxygen as the Injection F lu id  - 0 ^  Flood
Comparison of prediction runs of oxygen flood 
against air flood can be used to support the 
choice whether to use air or oxygen in in-situ 
combustion processes. Using oxygen rather than 
air reduces the amount of gas injected by about
placement effects and ignoring the favourable 
thermal effects of in-situ combustion.
Light petroleum recovery by N2  flooding in an 
unflooded reservoir is comparable to the water
I n - S I t u  C o m b u s t i o n  • A i r  I n j e c t i o n  
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Figure 2 Air Injection Supported In-Situ Com­
bustion - Production Profiles
Figure 3 Air Injection Supported In-Situ Com­
bustion - Temperature Map
four fifths for the injection of the same amount 
of oxidant. A large volume of inert gas flowing 
ahead of the fire-front would tend to override the 
oil, establishing a preferred path for the fire- 
front. This problem would be particularly se­
vere in a thick pay zone and could result in early 
breakthrough of the combustion zone. The ab­
sence of the nitrogen also increases the partial 
pressure of the principal gaseous combustion 
product, carbon dioxide. This can lead to large 
quantities of CO2 dissolving in the oil, which
results in swelling and viscosity reduction, both 
of which promote the flow of oil.
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SENSITIVITY RESULTS 
Decoupling Areal and Vertical Effects 
Three-dimensional non-isothermal simulations 
are generally expensive, and since many runs 
were to be made for the sensitivity study, a 
technique for reducing the computer time and 
storage requirements was necessary. It was as­
sumed that the phenomena, which cause in­
complete vertical flooding were independent o f 
the causes of partial areal flooding. I f  so, the 3- 
D sweep efficiency would be the product o f the 
areal and vertical efficiencies. To test the hy­
pothesis a 3D 9 x 5 x 4 simulation of the refer­
ence reservoir was performed using the cross- 
sectional representation with the 9X4 and 18 X  
8  grid. In addition two corresponding 9 x 5  and 
18 X  10 areal simulations were run with one 
average layer. Two 9 x 4  vertical cross-sectional 
simulations (one for each production well) were 
conducted. The reservoir volume used for each 
vertical simulation was based on corresponding 
3D volumes.
Areal and cross-sectional simulation runs suf­
fered from the same convergence and numerical 
instability problems as the 3D simulation cases. 
In a number o f cases, 2D and areal, cross- 
sectional simulation models suffered from more 
severe convergence and numerical instability 
problems than 3D simulation models. Hence, 
the expected reduced computer CPU time for 2D 
areal and cross-sectional models was not real­
ized and the decoupling o f areal and vertical 
effects is considered impracticable.
Pattern Type
Simulation predictions were 
performed on a one-twelfth o f a seven-spot pat­
tern and one-eighth of a nine-spot pattern. 
Nine- and seven-spot patterns with the same 
well spacing can be compared directly.
Comparisons of the results o f 
different well pattern types were inconclusive. 
Nearly similar ultimate recoveries were obtained 
for the nine-spot and seven-spot patterns, re­
spectively. Differences in ultimate recoveries 
may not be significant, since numerical disper­
sion and grid orientation can cause differences 
of this size.
Vertical Grid Size
To test the sensitivity o f the 
models to grid size, the results o f doubling the 
number of blocks in the radial and vertical di­
rections were also examined. The effect o f verti­
cal override is somewhat pronounced in the finer 
grid. However, the breakthrough times and oil 
recovery differ by a small percentage. It was 
concluded that the 9 x 4 cross-sectional grid was 
adequate for the study.
Areal G rid Size
The 9 x 5  and 18 X  10 areal 
grid was refined from 1 acre to 12 0  acres to ex­
amine the effects o f areal grid block size on the 
simulation results. Blocks were modified to re­
produce accurately the reservoir volume and 
geometry in 3D. Areal grid refinement had an 
effect on the movement o f the combustion front 
implying that numerical dispersion was a prob­
lem.
Well Spacing
It was assumed in the simula­
tion studies that the air injection rate is roughly 
proportional to pay thickness.
The temperature front pre­
sented in figure 2 for 2.5 acre well spacing is 
sufficient for the evaluation of the potential of 
the in-situ combustion processes in air-flood. 
Oil saturation fronts have been predicted in air- 
injection in-situ combustion processes and are 
presented in figure 3. The kinetic controlled 
model was not satisfactory for solving field scale 
problems for well spacing above 2.5 acres, es­
pecially for 1 2 0  acre well spacing typical in the 
North Sea field developments. Keeping the grid 
block number constant and increasing the well 
spacing, larger grid blocks are used and unreal­
istic small rise in temperature results in the field 
scale models.
The high simulation block numbers lead to un­
acceptable computer running time for the avail­
able hardware platform when the block size is 
decreased and simulation block numbers are 
increased. A reactant controlled model has been 
used for simulating field scale in-situ combus­
tion processes for 120 acre well spacing. Modi­
fied Arrhenius activation energies were reduced 
to zero to sustain reaction at reasonable rate at 
the block temperature. The reactant controlled 
model is unable to predict some o f the benefits 
of the highly efficient displacement related to 
the combustion front.
2.5 Acres Well Spacing Unflooded Reservoirs
Simulation prediction runs 
based on kinetic controlled models with low
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well spacing are useful to appraise the results of 
simulation prediction runs based on reactant 
controlled models with high well spacing. The 
simulation results for low well spacing, 2.5 acre 
acres, and l/8th 9-spot pattern are reported in 
Table 7A and 7B, covering waterflood, in-situ 
combustion processes supported by air and oxy­
gen and other processes:
The predicted water flood oil recovery in one 
year is high and equal to 36.4%. The recovery 
of various hydrocarbon components is practi­
cally the same. Significant water production is 
associated with the water flood oil recovery.
The carbon dioxide simulation prediction cases 
suffer from excessive numerical instability. The 
carbon dioxide simulation prediction cases suf­
fer from excessive numerical instability. The 
carbon dioxide simulation prediction cases suf­
fer from excessive numerical instability. The 
CO2  injection rate had to be constrained to re­
duce numerical instability. The recovered oil to 
injected CO2  ratio is 3449 Bbls/MMSCF in the 
first year and 1596 Bbls/MMSCF in 2 1/2 years. 
Convergence and numerical stability of the ni­
trogen injection prediction runs were better 
compared with air, O2 and CO2 injection. The
nitrogen injection rate did not need to be con­
strained to control numerical instability. The 
recovered oil to injected N2 ratio is 327 
Bbls/MMSCF in the first year and 95 
Bbls/MMSCF in 2 1/2 years.
The simulation predictions of in-situ combustion 
using oxygen in high pressure light petroleum 
suffers from excessive numerical instability, 
because of the steeper saturation, temperature 
and pressure step changes at the front. Numeri­
cal dispersion is higher with air and oxygen 
injection.' Air and oxygen injection rate had to
be constrained to reduce severe numerical in­
stability. Increasing numerical instability 
caused the termination of oxygen injection pre­
diction runs after one production year. Lower 
light oil recovery by oxygen flooding, 16,74% in 
one year, is due to numerical instability. Nu­
merical stability has to be improved for a proper 
appraisal of in-situ combustion by oxygen 
flooding.
The produced oil to injection volume ratio is 
considered more appropriate indicator of nu­
merical instability of the simulation models than 
an indicator of the recovery efficiency of the 
processes.
120 Acres Well Spacing Unflooded Reservoirs
Simulation results for 20 year production period 
of waterflood and IOR processes in unflooded 
high pressure light petroleum reservoirs with 
120 acre well spacing are summarized in table
8 .
: ;
Figure 4 Comparative 120 Acre Unflooded Res­
ervoir Field Scale Simulation Predictions
Nearly similar hydrocarbon recovery perform­
ance was predicted for waterflood, in-situ
TABLE 7A
COMPARATIVE FIELD SCALE SIMULATION PREDICTIONS 
1 YEAR PRODUCTION PERIOD 















WATER FLOOD 6,73 3,47 55,85 0,364 -
C02FLOOD 3,69 1,96 1,47 0,1996 3449
N2 FLOOD 6,95 2,26 0,33 0,3757 327
ISC-AIR FLOOD 4,29 4,16 1,42 0,2321 2643
ISC- 0 2  FLOOD 3,10 1,60 1,41 0,1674 1105
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TABLE 7B
COMPARATIVE FIELD SCALE SIMULATION PREDICTIONS 
2.5 YEAR PRODUCTION PERIOD 















C 02FLO O D 4,87 2,56 1,48 0,2633 1596
N2 FLOOD 9,37 3,06 1,94 0,5067 95
ISC-AIR FLOOD 6,00 3,05 1,43 0,324 215
combustion and other IOR processes. In-situ 
combustion performance was the best among the 
recovery processes examined. The in-situ com­
bustion performance is underestimated at low 
well density simulated by large grid blocks, be­
cause of lower predicted combustion front tem­
perature than the actual front temperature. 
Therefore, in-situ combustion processes can be 
justified in high pressure light petroleum reser­
voirs. However, high water flood light oil recov­
ery in unflooded reservoirs reduces the potential 
post water flood air flood oil recovery. Higher 
cumulative water production was predicted for 
waterflood indicating potential artificial lift re­
quirements, higher costs and earlier well aban­
donments leading to lower hydrocarbon recov­
ery.
The simulation results in Table 8 for high well 
spacing reconfirm conclusions for low well 
spacing.
TABLE 8
COMPARATIVE FIELD SCALE SIMULATION PREDICTION RUNS 
UNFLOODED RESERVOIR - 120 ACRES -1/8TH 9-SPOT PATTERN 












WATER FLOOD 7,247 3,91 9,2725 0,369
C 02 FLOOD 6,798 3,66 7,7796 0,346
N2 FLOOD 6,613 3,52 7,8612 0,336
ISC- 0 2  FLOOD 7,756 4,16 7,0351 0,394
Low er In itia l O il S a tu ra tion  - 
IOR P rocesses in W ate rflooded  Reser­
vo irs
The effect of reducing the initial oil saturation 
from 68% corresponding to an unflooded reser­
voir to the corresponding for water flooded res­
ervoirs were examined. The main effects were 
reduced fuel availability and less energy gener­
ated per burned volume, resulting in a smaller 
extinction radius. Only a few cases with differ­
ent pay thicknesses were performed, and these 
were for pattern sizes where extinction of the 
front was not significant.
120 Acres Well Spacing W aterflooded Reser­
voirs
Simulation results of postwaterflood IOR proc­
esses in high pressure light petroleum reservoirs 
with 120 acre well spacing are summarized in 
Table 9. Oxygen breakthrough has not been 
predicted in postwaterflood simulation predic­
tions. However, the predictions could be opti­
mistic, because oxygen is assumed to react in­
stantaneously with the hydrocarbon phases on 
contact in reactant controlled models. Postwa­
terflood simulation results reveal incremental 
recovery potential by in-situ combustion and 
other processes in high pressure light petroleum
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reservoirs. High predicted cumulative water 
production for the examined recovery processes 
is due to the prior waterflood. Postwaterflood
incremental in-situ combustion performance was 
the best by a marginal difference among the
TABLE 9
COMPARATIVE FIELD SCALE SIMULATION PREDICTION RUNS 
POSTWATERFLOOD IOR 
120 ACRES -1/8TH 9-SPOT PATTERN
CUMULATIVE PRODUCTION
PREDICTION POSTWATERFLOOD INCREMENTAL
RUN PETROLEUM GAS W ATER OIL
MM BBLS BCF MM BBLS RECOVERY
EXTENDED W ATER­ 1 ,6 8 8 0,87 2,5645 0,086
FLOOD
C 0 2  FLOOD 2,144 1,09 2,6715 0,109
N2 FLOOD 2,173 1,08 2,6305 0 ,1 1 1
ISC- 0 2  FLOOD 2,259 1,16 2,6795 0,115
PRE- AND POSTWATERFLOOD TOTAL
EXTENDED W ATER­ 8,935 4,78 11,937 0,454
FLOOD
C 0 2  FLOOD 9,391 5,00 11,944' 0,478
N2 FLOOD 9,420 4,99 11,903 0,479
ISC- 0 2  FLOOD 9,506 5,06 11,952 0,484
recovery processes examined. However, in-situ 
combustion performance is underestimated be­
cause of lower predicted combustion front tem­
perature. Therefore, in-situ combustion proc­
esses can be justified in waterflooded high pres­
sure light petroleum reservoirs.
F ron t T rack ing  & Th in  Flame Techn iques 
fo r  F ie ld  Scale S im u la tion .
Many reservoir processes develop distinctive 
fronts that move through the reservoir. In proc­
esses where the fronts tend to be self- 
sharpening, saturation-changes occur over rela­
tively small distances.
Combustion front tracking is extremely impor­
tant for the most important in-situ combustion 
recovery mechanisms in high pressure light oil 
reservoirs including vaporization drive, C02, 
N2 and steam displacement mechanisms. (29) 
Lack of combustion front tracking simulation 
capability tends to significantly underestimate 
the recovery mechanisms associated with the 
combustion front development in high pressure 
light oil reservoir. This is because of inability to 
simulate favourable excessive mass transfer be­
tween phases and efficient front displacement 
mechanisms.
The classical procedure is to solve numerically 
partial differential equations that govern 
changes of potential and saturation or tempera­
ture with time. These equations do not explicitly 
indicate front formation. However, fronts do 
develop in the solution. Industrial reservoir 
simulators most commonly used today are based 
on finite difference methods to approximate the 
partial differential equations that describe fluid 
flow in porous media. Usually five point differ­
ence schemes are used. The classical procedures 
work well if saturation profiles are not too steep. 
Traditional numerical methods have a tendency 
to smear discontinuities owing to numerical dis­
persion. This results in a less accurate estimate 
of the position of the fluids and their motion in 
the reservoir leading to underestimates of the 
reservoir performance.
The front tracking capability of ‘STARS’ ap­
pears to be good in field scale simulation pre­
diction runs for high well density corresponding 
to a well spacing up 2.5 acres. The in-situ com­
bustion simulation capabilities will be improved 
by advanced 3D front tracking techniques, es­
pecially in high pressure light petroleum reser­
voirs, where sharp saturation fronts are devel­
oped.
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By introducing the front discontinuities, as sepa­
rate entities, their positions can be simulated 
more accurately. The crucial point is to repre­
sent the physical discontinuities (saturation 
fronts) correctly. In front-tracking, the sharp 
change in saturation is replaced by a step func­
tion, that is, a discontinuous function.
In two space dimensions, each front can be rep­
resented as a piece-wise linear curve. The speed 
of these fronts can be computed, and the satura­
tion equation can be solved away from the fronts 
by a standard numerical method based on a grid. 
A  numerical method is based on a piecewise 
linear approximation of the flow function (flux 
function). This approximation leads to a satura­
tion profile that is piecewise constant. The satu­
ration therefore is represented by a step function 
with a set o f discontinuities (fronts).
The saturation consists solely o f a step function 
with a set o f discrete fronts in an efficient front- 
tracking numerical algorithm. The solution 
converges toward a continuous solution in the 
domains where the physical solution is continu­
ous as the number of fronts increases. In proc­
esses, where dispersion is high and/or Buckley- 
Leverett effects are important, these fronts dis­
perse and saturation-changes occur over a large 
section o f the reservoir. Standard discretization 
methods adopting finite difference schemes do 
not handle such discontinuities effectively.
For sharp fronts, a very fine mesh around the 
front is needed to be able to achieve good reso­
lution. I f  the front is very sharp, as in the case 
of a combustion front, it can be treated as a dis­
continuity. The problem is then reduced to lo­
cate the front with time.
Conclusions
1. The combustion processes in high pressure 
light oil reservoirs can be modelled reasonably 
well on the field scale by commercial non- 
isothermal simulators. The combustion front 
development, and front velocities, are, however, 
only predicted satisfactorily in combustion tube 
experiments and at field scale for high well 
density.
2. Field scale numerical modelling of in-situ 
combustion in deep high pressure light petro­
leum reservoirs can predict a number of essen­
tial features. However, the field scale perform­
ance above 2.5 acre well spacing cannot be 
modelled satisfactorily, because o f the large grid 
block sizes involved. Further development of
thermal simulators w ill be require advanced 
combustion front simulation capability.
3. The model parameters were optimized so that 
the sensitivity study could be performed using 
efficient, accurate simulations under the hard­
ware constraints. The vertical variation in per­
meability can be modelled adequately using 
minimum four layers. Areal and cross- 
sectional grid block systems, were tested for grid 
orientation effect and sensitivity to grid size 
variations. Nevertheless, a higher number of 
grid blocks, above 1 ,0 0 0  grid blocks, is required 
for 3D simulation of air injection supported in- 
situ combustion processes.
4. For light petroleum high pressure combustion 
processes compositional effects are very impor­
tant. Light North Sea type oil has to be charac­
terized by at least four hydrocarbon pseudo­
components. The number of the hydrocarbon 
pseudo-components used in the prediction stud­
ies was constrained to three because of hardware 
constraints. D ifficult convergence and numerical 
stability problems have been experienced with 
three hydrocarbon pseudo-components (CH4 ,
c 2"c 6 and c 7+)•
5. A ir injection rates leading to high front ve­
locities had to be constrained to reduce numeri­
cal instability caused by lack o f front tracking 
capability. Therefore, advanced front tracking 
and thin flame techniques are required to 
evaluate these effects. Further development of 
3D front tracking and thin flame techniques are 
needed to improve simulation capabilities of in- 
situ combustion processes in high pressure light 
petroleum reservoirs. (29)
6 . An advanced understanding of the immisci­
ble and miscible displacement processes involv­
ing CO2 , the combustion product, and N2 , the 
inert gas, has been shown to be important. Ap­
propriate CO2  and N2  phase behaviour simula­
tion at the combustion front w ill improve reser­
voir simulation practices in high pressure light 
petroleum reservoirs. Alternative assumptions 
about how the CO2  and N2  behave may result in 
large differences in recovery predictions and 
time scale to ultimate recovery.
7. Miscible super-critical steam drive is ex­
pected to occur in deep high pressure light petro­
leum reservoirs, near the combustion front re­
gion for prevailing pressure and temperature 
conditions. Present reservoir fluid characteriza­
tion is sufficient at steam and water critical
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point. However, evaluation of the impact from 
miscible super-critical steam drive requires finer 
gridding, front tracking and thin flame tech­
niques at the combustion front and the steam 
bank regions.
8 . Simulation runs were planned to terminate 
immediately prior to oxygen breakthrough. At 
this time there are significant amounts of mobile 
oil remaining and it may be possible to increase 
recovery by chase water flooding and/or re­
injecting the produced C0 2 - CO2  injection can
be an efficient presuming that there is a suitable 
source o f CC^* A ir and oxygen-supported com­
bustion generating CO2  in-situ and combined 
with water injection (and CO2  re-injection) may
offer the best features of wet in-situ combustion 
and CO2  displacement.
9. The areal and vertical aspects of the three- 
dimensional combustion process can be decou­
pled. However, comparable convergence and 
numerical stability problems for 3D and 2D 
areal or cross-sectional simulations, do not allow 
any considerable savings in computer time.
10. Hybrid radial and Cartesian grids are ex­
tremely useful for the combining radial grids 
around well bores with Cartesian grid. Control- 
Volume Finite-Element (CVFE) grid is a bene­
ficial and flexible grid option for a pattern ther­
mal EOR simulation with complex reservoir 
geometry. I f  these grid systems are not associ­
ated with numerical instability problems, grid 
blocks can be concentrated around the wells and 
the thermal front paths to provide better resolu­
tion without an excessive increase in computa­
tional cost.
11. The simulation runs have shown that there 
is the potential to mobilize and produce large 
amounts- of residual oil by air injection sup­
ported in-situ combustion, even with large well 
spacing. Three-dimensional simulation predic­
tions may provide a first estimate of the recover­
able oil. Post water-flood in-situ combustion 
processes causes ultimate recovery to increase 
from 37% OOIP (primary waterflood) to 48 % 
OOIP for a typical North Sea 120 acre well 
spacing.
NOMENCLATURE
A0=  Reaction rate constant
avisc =  *st viscosity coefficient for liquid
component
avg= 1st Gas component viscosity coefficient 
kvisc=  ^nd viscosity coefficient for liquid 
component
bvg= 2nd Gas component viscosity coefficient
C = Isobaric specific heat
c =  Heat capacity,
E= Reaction Activation Energy 
ev= Exponent in vaporisation enthalpy correla­
tion
Hv r=  Coefficient in vaporisation enthalpy cor­
relation
k =  Absolute permeability, 
kr =  Relative permeability
k r w r o  =  Water relative permeability at residual
oil saturation(Water/Oil system), kr(Sorw)
kroiw =  Oil relative permeability at interstitial
water saturation, kr(Sjw)
krgro =  Gas relative permeability at residual oil
saturation (Gas/Oil, system), kr(Sorg)
P =  Pressure.
Swc =  Connate water saturation
Sos =  Residual oil saturation in the steam zone
Sws =  Residual water saturation in the steam
zone
SgC =  Critical gas saturation 
SQrg =  Residual oil saturation (Gas/Oil system) 
Sorw =  Residual oil saturation (Water/Oil sys­
tem)
Sjw =  Interstitial and irreducible water satura­
tion
S ^ j. =  Irreducible water saturation 
T =  Temperature
T cr=  Critical Temperature o f the Component 
or Pseudo-component
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SI M E TR IC  C O N V E R S IO N  FA C TO R
bbl x 1.589 873 
ft3 x 3.048*
°F  (°F-32)/1.8 
psi x 6.894 757 
Ibm x 4.535 924 




= °C  
E+00 = kPa 
E-01= kg 
E+00 = kJ 
E-04 = [x m2
* Conversion factor is exact 
A P P E N D IX -A
Fluid saturation assumptions end point relative 
permeabilities are given in the following table 
A1 and their plots are given in figures A1 and 
A2.
lAhter-Oi System




















Water - Oil System
Data
Siw = Interstitial Water Saturation 
Swir = Irreducible Water Saturation =Siw 
Sorw = Residual Oil saturation(Water/Oil System) 
Sorg = Residual Oil saturation(Gas/Oil System) 






Kroiw = Oil Relative Permeability at Interstitial Water Satura- 0,4
tion
Krwro = Water Relative Permeability at Residual Oil Satura- 0,1
tion
Krgro = Gas Relative Permeability at Residual Oil Saturation 0,2
A P P E N D IX -B
Critical Petroleum Fluid 'A'
North Sea petroleum fluid 'A' provides satisfac­
tory representation of the hydrocarbon system at 
near-critical conditions in the reservoir. Near- 
critical reservoir fluids characterize very volatile 
petroleum reservoirs. Such fluids could be found 
frequently in the deep high-pressured Jurassic 
horizons in the North Sea. Near-critical condi­
tions in high pressure light petroleum reservoirs 
may lead to high petroleum recovery from ther­
mal IOR processes. Abrupt saturation changes 
associated with thermal IOR processes in nearly 
critical conditions may reduce the numerical 
stability in reservoir simulation. Reservoir fluid 
composition and properties are given in the table 
below:
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The petroleum Molecular Weight is calculated standard conditions is 46 °API, corresponding
equal to 65.2 and the bubble point pressure 5296 t0 0 797 speciflc gravity,
psi. The critical temperature and critical pres­
sure are computed with the EOS. Oil density at
TABLE B1
RESERVOIR FLUID COM POSITION AND PROPERTIES - PETROLEUM  FLUID 'A'
Component Zi Mole 
Fraction
M.Weight Pc, Kpa Pc, psia Tc, oK Tc, oR CO
H20 0 18,0153 22054,948 3198,8 647,30 1165,14 0,3443
0 2 0 31,9988 5042,8253 731,4 154,60 278,28 0,0216
CO 0 28,01 3499,0892 507,5 132,90 239,22 0,0484
C 02 0,0242 44,01 7384,2847 1071 304,20 547,56 0,2667
N2 0,0046 28,01 3399,8047 493,1 126,20 227,16 0,0372
H2S 0 34,08 8963,1841 1300 373,20 671,76 0,0948
CH4 0,5072 16,04 4587,7713 665,4 190,60 343,08 0,0104
CH3-CH3 0,0986 30,07 4871,1458 706,5 305,40 549,72 0,0979
CH3-CH2-CH3 0,0658 44,10 4247,1703 616 369,80 665,64 0,1522
n-Butane 0,0283 58,12 3796,2532 550,6 425,16 765,29 0,1995
i-Butane 0,0082 58,12 3639,7422 527,9 407,85 734,13 0,1852
n-Pentane 0,0157 72,15 3368,7783 488,6 469,71 845,47 0,2514
i-Pentane 0,0097 72,15 3381,1888 490,4 460,43 828,77 0,228
C6 0,0193 86,18 3012,3193 436,9 507,40 913,32 0,2994
C7 0,0312 100,20 2735,8396 396,8 540,20 972,36 0,3494
C8 0,0317 114,23 2486,9388 360,7 568,80 , 1023,84 0,3977
C9 0,0218 128,26 2287,6804 331,8 594,60 ' 1070,28 0,4445
C10 0,0136 142,29 2104,2798 305,2 617,60 1111,68 0,4898
C10+ 0,1201 274,25 221,1000 221,1 1387,79 1387,79 0,6834
TOTAL 1 65,2308 3831,3581 578,394 418,99 620,843 0,1726054
APPENDIX-C carbon system below the near-critical conditions
N early  C ritica l P e tro leum  F lu id 'B '  in the reservoir. Petroleum fluid 'B' character-
North Sea petroleum fluid 'B' provides satisfac- izes less volatile petroleum reservoir,
tory representation of the light petroleum hydro-
TABLE C1
RESERVOIR FLUID COMPOSITION AND PROPERTIES
Component Zi Mole Frac­
tion
M.Weight Pc, Kpa Pc, psia Tc, oK Tc, oR 0}
H20 0 18,0153 22054,95 3198,8 647,3 1165,14 0,3443
02 0 31,9988 5042,825 731,4 154,6 278,28 0,0216
CO 0 28,01 3499,089 507,5 132,9 239,22 0,0484
C02 0,0036 44,01 7384,285 1071 304,2 547,56 0,2667
N2 0,0059 28,01 3399,805 493,1 126,2 227,16 0,0372
H2S 0 34,08 8963,184 1300 373,2 671,76 0,0948
CH4 0,4081 16,04 4587,771 665,4 190,6 343,08 0,0104
CH3-CH3 0,0738 30,07 4871,146 706,5 305,4 .549,72 0,0979
CH3-CH2-CH3 0,0788 44,10 4247,17 616 369,8 665,64 0,1522
n-Butane 0,0396 58,12 3796,253 550,6 425,16 765,29 0,1995
i-Butane 0,012 58,12 3639,742 527,9 407,85 734,13 0,1852
n-Pentenane 0,0209 72,15 3368,778 488,6 469,706 845,47 0,2514
i-Pentenane 0,0133 72,15 3381,189 490,4 460,4278 828,77 0,228
C6 0,0284 82,00 3012,319 436,9 507,4 913,32 0,2994
C7 0,0415 97,00 2735,84 396,8 540,2 972,36 0,3494
C8 0,0437 113,00 2486,939 360,7 568,8 1023,84 0,3977
C9 0,034 129,00 2287,68 331,8 594,6 1070,28 0,4445
C10 0,0252 144,00 2104,28 305,2 617,6 1111,68 0,4898
C10+ 0,1712 287,16 221,1 221,1 1387,79 1387,79 0,6834
TOTAL 1 86,5005 3398,893 525,3300 504,02799 717,178662 0,22788807
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Such fluids could also be found frequently in the 
deep high-pressured horizons in the North Sea. 
Reservoir fluid composition and properties are 
given in the table below:
The petroleum Molecular Weight is calculated 
equal to 86,5 and the bubble point pressure 4241
psi. The critical temperature and critical pres­
sure are computed with the EOS. Oil density at 
standard conditions is 39 °API, corresponding 
to 0.830 specific gravity.
APPENDIX-D compositions one stage separation are
PETROLEUM  FLUID ’A ’ given in table D2.
Detailed pseudo-component properties 
and calculated volumes with gas liquid
TA B LE D1 
PE TR O LE U M  FLUID 'A'
Pseudo components H20 C7+ C2-C6 CH4 N2 C02 02 CO COKE
Molecular Weight 18 203.37 46.76 16.04 28 44.01 32 28.01
Critical Pressure KPa 22054.95 1331.7 4266.6 4587.77 3399.8 7384.3 5042.8 3499.1
Critical Pressure psi 3198.8 282.75 614.68 665.4 493.1 1071 731.4 507.5
Critical Temperature oK 647.3 987.0 369.2 190.6 126.2 304.20 154.60 132.9
Critical Temperature °R 1165.1 1226.7 670.27 343.1 227.2 547.56 278.3 239.2
TABLE D2
P E T R O L E U M  FLUID  PSEU D O  C O M P O N E N T D E FIN IT IO N  





M.Weight Pc, psia Tc, oR CO Ki Ki'zi
1 C 02 0,0242 44,01 1071 547,56 0,2667 0,6205 0,0150
2 N2 0,0046 28,01 493,1 227,16 0,0372 3,1169 0,0143
- H2S 0 34,08 1300 671,76 0,0948 0,2149 0,0000
3 CH4 0,5072 16,04 665,4 343,08 0,0104 1,5135 0,7676
4 C2-C6 0,2456 46,7581441 614,6764251 670,27 0,157855 0,1034 0,0254
5 C7+ 0,2184 203,370022 282,7491758 1226,73 0,558315 5.139E-05 0,0000
TOTAL 1 65,2307263 578,39429 620,843012 0,172605 0,8224
Bubble Point Pressure, psi = 5296,26
Tres (oF) = 219
Pres (psi)= 6440
TABLE D3
RESERVOIR FLUID PSEUDO COMPONENT DEFINITION 
PETROLEUM  FLUID ’A’ - BRITISH UNITS





Mol. Weight Pc, psia T c, oR CD Zi Mole 
Fraction
Ki 15psi 40oF xi y»
1 H 20 18,02 3198,80 1165,14 0,344 0,0000
2 CH4 16,04 665,40 343,08 0,010 0,5072 246,8077 0,0027 0,6605
3 C2-C6 46,76 614,68 670,27 0,158 0,2456 4,9981 0,0604 0,3019
4 C7 + 203,37 282,75 1226,73 0,558 0,2184 0,0001 0,9370 0,0001
5 C02 44,01 1071,00 547,56 0,267 0,0242 37,3852 0,0008 0,0313
6 N2 28,01 493,10 227,16 0,037 0,0046 696,0306 0,0000 0,0060
- H2S 34,08 1300,00 671,76 0,095 0,0000 11,6571 0,0000 0,0000
7 02 32,00 731,40 278,28 0,022 0,0000 0,0000
8 CO 28,01 507,50 239,22 0,048 0,0000 0,0000
9 COKE
TOTAL 1,0000 1,0009 0,9997
Vcalc=0,767727
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A first summary of the properties of the pseudo­
components is given in the table D l) and D2. 
Detailed one stage separation values and the 
calculated bubble point of the petroleum liquid 
are presented in table D3. Heavy petroleum 
composition of the reservoir and the separator
fluid are practically the same due to the very low 
concentration of light components, while sig­
nificant compositional differences between res­
ervoir and separator conditions are experienced 
for North Sea type light petroleum.
A P P E N D IX -E  
PETROLEUM FLUID ’B ’
TA B LE E1 
P E TR O LE U M  FLUID 'B*
Pseudo components H20 C7+ C2-C6 CH4 N2 C02 02 CO COKE
Molecular Weight 18 203.37 46.76 16.04 28 44.01 32 28.01
Critical Pressure KPa 22054.95 1945.7 4082.11 4587.77 3399.8 7384.28 5042.83 3499.09
Critical Pressure psi 3198.8 282.2 592.06 665.4 493.1 1071 731.4 507.5
Critical Temperature oK 647.3 681.1 382.72 190.6 126.2 304.20 154.60 132.9
Critical Temperature °R 1165.14 12 26.52 700.03 343.08 227.16 547.56 278.28 239.22
TAB LE E2
P E T R O L E U M  FLU ID  PSE U D O  C O M P O N E N T D E FIN IT IO N  
P E T R O L E U M  FLU ID  'B' - B R ITISH  U NITS
Pseudo component Component(s) Mole Frac­
tion
M.Weight Pc, psia Tc, oR w Ki Ki*zi
1 C 02 0,0036 44,01 1071 547,56 0,26670 0,6205 0,0022
2 N2 0,0059 28,01 493,1 227,16 0,03720 3,1169 0,0184
- H2S 0 34,08 1300 671,76 0,09480 0,2149 0,0000
3 CH4 0,4081 16,04 665,4 343,08 0,01040 1,5135 0,6177
4 C2-C6 0,2668 50,56 592,1 700,03 0,17290 0,0756 0,0202
5 C7+ 0,3156 209,57 282,2 1226,52 0,55873 5.133E-05 0,0000
TOTAL 1 86,50 525,33 717,18 0,22789 0,6585
Tres (oF) = 219 
Pres (psi)=6440 
Bubble Point Pressure, psi =4240„595
T A B LE  E3
R E S E R V O IR  FLU ID  PSEU D O  C O M P O N E N T D E FIN IT IO N  
P E T R O L E U M  FLU ID  'B ' - BRITISH U NITS
Pseudo
component





1 H20 18,02 3198,80 1165,14 0,344 0,0000
2 CH4 16,04 665,40 343,08 0,010 0,4081 246,8077 0,0026 0,6313
3 C2-C6 50,56 592,06 700,03 0,173 0,2668 3,2194 0,1097 0,3533
4 C7-C10 53,80 162,24 1226,52 0,188 0,1444 0,0010 0,4060 0,0004
5 C10+ 287,16 221,10 1387,79 0,683 0,1712 0,0000 0,4823 0,0000
6 C02 44,01 1071,00 547,56 0,267 0,0036 37,3852 0,0001 0,0055
7 N2 28,01 493,10 227,16 0,037 0,0059 696,0306 0,0000 0,0091
- H2S 34,08 1300,00 671,76 0,095 0,0000 11,6571 0,0000 0,0000
8 02 32,00 731,40 278,28 0,022 0,0000 0,0000
9 CO 28,01 507,50 239,22 0,048 0,0000 0,0000
10 COKE
TOTAL 1,0000 1,0007 0,9996
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